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45. A pharmaceutical composition comprising: 

a) a recombinant nucleic acid molecule comprising a nucleotide sequence encoding 
a hepatitis C virus nonstructural protein, wherein said nucleotide sequence is operably linked 
to regulatory elements functional in human cells; 



c) a facilitator; 

wherein said regulatory elements functional in human cells comprise a promoter, enhancer, 
polyadenylation sequence, and a 5' untranslated region (5'-UTR), said 5'-UTR comprising at 
least the 9 most 3' nucleotides of a 5' UTR of hepatitis C virus. 



Status of the Claims 

Claims 3, 4, 6-8, 1 1-28 and 32-46 will be pending after entry of this amendment. 
Claims 6, 13, 32 and 45 have been amended. Support for the amendments can be found 
throughout the specification. For example, support can be found at page 10, 1. 18 to page 1 1, 
1. 2, Claim amendments are for purposes of improved clarity or consistency of claim 
language unless otherwise noted. No claim amendment should be construed as an 
acquiescence in any ground of rejection. No new matter has been added by this amendment. 

The rejection of claims 3, 4, 6-8, 1 1-28, and 32-46 under 35 U.S.C. § 101 has been 
w ithdrawn in the view^ of the applicants' arguments. The rejection of claims 3, 4, 6-8, 10-16, 
45, and 46 under 35 U.S.C. § 102(e) has been withdrawn. Claims 3, 4, 6-8, 1 1-28 and 32-46 
are rejected under 35 U.S.C. § 1 12, first paragraph, as containing non-enabled subject matter. 



b) a pharmaceutically acceptable carrier or diluent; and 



REMARKS 
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35 L.S.C. § 112 first paragraph 

Claims 3, 4, 6-8, 1 1-28 and 32-46 were rejected under 35 U.S.C. § 1 12, first 
paragraph, for allegedly containing non-enabled subject matter. Applicants traverse this 



The enablement requirement of § 1 12 is satisfied so long as a disclosure contains 
sufficient information that persons of ordinary skill in the art having the disclosure before 
them would be able to make and use the invention. In re Wands, 8 U.S.P.Q.2d 1400 (Fed. 
Cir.1988) (the legal standard for enablement under § 1 12 is whether one skilled in the art 
would be able to practice the invention without undue experimentation). 

One skilled in the art would be able to practice the claimed invention without being 
required to perform undue experimentation. Applicants enclose a Declaration of Dr. Jack R. 
Wands under 37 C.F.R. § 1.132. In his Declaration, Dr. Wands states that the specification 
enables one skilled in the art to construct the claimed recombinant nucleic acid molecule, and 
the claimed pharmaceutical composition, method of inducing an immune response against 
hepatitis C virus in a human and method of treating a human infected with hepatitis C virus 
using the recombinant nucleic acid molecule. 

Utilizing information provided in the subject application, one skilled in the art 
can construct a recombinant nucleic acid molecule encoding hepatitis C virus 
NS4 or NS5 protein, . . . operably linked to a promoter, enhancer, and 
polyadenylation sequence, ... and further operably linked to a 5 '-untranslated 
region of hepatitis C virus as taught in the specification, .... 

Utilizing infomiation provided in the subject application, as detailed in 
paragraph 5 [of the Declaration] and, for example, in Example 1 of the 
specification, "Design of HCV expression vectors," and using molecular 
biological techniques known in the art at the time of filing the application, one 
skilled in the art would be able to construct a recombinant nucleic acid 
molecule, [as claimed.] 

See Wands Declaration, 5-7. Applicants provide an enabling disclosure that teaches 



rejection. 



one skilled in the art how to practice the claimed invention. Applicants' enabling disclosure 
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teaches the sequence of the entire HCV 5' UTR. See specification, for example, page 10, 1. 
26 to page 11,1,2. The specification further enables a recombinant nucleic acid molecule 
comprising, in part, a 5' untranslated region comprising at least the 9 most 3' nucleotides of a 
5' UTR of hepatitis C virus. The 5' untranslated region may further comprise at least the 50 
most 3' nucleotides of a 5' UTR of hepatitis C virus, at least the 100 most 3' nucleotides of a 
5' UTR of hepatitis C virus, at least the 150 most 3' nucleotides of a 5' UTR of hepatitis C 
virus, at least the 200 most 3' nucleotides of a 5' UTR of hepatitis C virus, at least the 250 
most 3' nucleotides of a 5' UTR of hepatitis C virus, or at least the 300 most 3' nucleotides of 
a 5' UTR of hepatitis C virus. See specification, for example, page 10, 1. 18-26. 

One skilled in the art would understand the function of the 5' UTR of hepatitis C virus 
to include both positive and negative translational control elements within the 5'-UTR. One 
skilled in the art would be able to operably link the 5'UTR of hepatitis C virus to a 
recombinant nucleic acid molecule acting as an expression plasmid for proteins, for example, 
hepatitis C virus non-structural (NS) protein. See, for example, Yoo et al. Virology' 191: 889- 
899, 1992, (Exhibit A) and Wands Declaration, 1| 6. 

The specification teaches the design and construction of DNA expression vectors 
comprising HCV non-structural (NS) genes. DNA constructs expressing HCV genes NS3, 
NS4 and NS5 were PCR-cloned after inserting engineered start- and stop-codons as well as 
restriction enzyme sites utilizing specific PCR primers and restriction enzyme sites useful to 
construct the necessary expression vectors. See specification, for example, page 15, 1. 22 to 
page 16, 1. 1 7. One skilled in the art at the time the claimed invention was made would be 
able to use the nucleotide sequence of the 5' UTR of hepatitis C virus in combination with the 
PCR primers and restriction enzyme sites useful to construct the start and stop codons and the 
HCV NS3, NS4, and NS5 genes to obtain Applicants' claimed invention. As stated by Dr. 
Wands (Declaration 11), one skilled in the art utilizing infomiation provided in the subject 
application would be able to construct the claimed in\ ention. that is a recombinant nucleic 
acid molecule comprising a nucleotide sequence encoding hepatitis C virus non-structural 
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(NS) proteins wherein said nucleotide sequence is operably linked to regulatory elements, 
said regulatory elements comprising a promoter, enhancer, polyadenylation sequence, and a 
5' untranslated region (5'-UTR) of hepatitis C virus. 

The Examiner points to a statement by Selby et al. that ''better expression was 
observ ed with constructs containing deletions in the 5' UTR than with full-length 5' UTR." 
This statement in Selby et al., (see, for example, p. 1 105, Col. 2) does not lead one to the 
conclusion stated by the Examiner that ''it is not clear w hether the claimed construct would 
produce sufficient protein to produce an immune response." See Office Action, Paper No. 
1 1, page 3. The absolute quantity of protein produced by a DNA expression vector does not 
necessarily correlate with the level of immune response in a mammalian subject. In 
particular, the results of Tokushige et al., Hepatolog\\ 24:14-20, 1996 (Exhibit B) indicate 
that the intact HCV 5' UTR provides sufficient intracellular expression of HCV core protein 
to produce immune reactive HCV core protein on a Western blot. See Tokushige et al.. 
Figure IB. Because protein expression from a construct comprising the HCV 5' UTR would 
produce lower levels of gene expression, it does not necessarily follow, as urged by the 
Examiner, that "it is not clear whether the claimed construct would produce sufficient protein 
to produce an immune response." As discussed in further detail below, one skilled in the art 
would know that the claimed construct used to immunize a human subject would produce an 
immune response. 

In his Declaration, Dr. Wands states that contrary to the disclosure of Tokushige et al., 
the specification enables one skilled in the art to use the claimed composition and the claimed 
method of inducing an immune response to stimulate a strong humoral immune response and 
a strong cytotoxic T-cell (CTL) response. 

". .. the results shown in Examples 1 through 7 of the subject application taken 
with results shown in Tokushige et al., enable one skilled in the art to conclude 
that immunization of a human with a phamiaceutical composition comprising 
a recombinant nucleic acid molecule comprising a nucleotide sequence 
encoding hepatitis C virus NS4 or NS5 protein wherein said nucleotide 
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sequence is operably linked to a promoter, enhancer, polyadenylation 
sequence, and 5' untranslated region (5'-UTR) of hepatitis C virus would 
stimulate a strong humoral immune response and a strong specific CD8^ 
cytotoxic T-cell (CTL) response. 

"In support of these conclusion, non-structural (NS) proteins are better than 
core proteins as antigens to stimulate a cell mediated and a humoral immune 
response. Strong specific CD8 cytotoxic T-cell (CTL) response and /// vivo 
CTL activity in a mouse tumor model is generated for non-structural (NS) 
proteins, for example, NS3 and NS5." 

See Wands Declaration, ^| 8-10. Dr. Wands states that the claimed composition and 
the claimed method of inducing an immune response will stimulate a strong humoral immune 
response and a strong cytotoxic T-cell (CTL) response. This statement is supported by 
statements in the specification and in Encke et al., J. Immunol., 161_:491 7-4923, 1998 (Exhibit 
C) that a pharmaceutical composition or a method of inducing an immune response with a 
recombinant nucleic acid molecule expression HCV non-structural (NS) proteins stimulate a 
superior humoral and CTL response than recombinant nucleic acid molecules expressing the 
HCV core protein. 

With respect to the teachings of a specification disclosure, the following statement 
from //; re Manocchi, 169 U.S.P.Q. 367, 369-370 (C.C.P.A. 1971), is noteworthy: 



The only relevant concern of the Patent Office under these circumstances should 
be over the truth of any such assertion. The first paragraph of § 112 requires 
nothing more than objective enablement. How such a teaching is set forth, 
either by the use of illustrative examples or by broad terminology, is of no 
importance. 

As a matter of Patent Office practice, then, a specification disclosure w hich 
contains a teaching of the manner and process of making and using the invention 
in tenns which correspond in scope to those used in describing and defining the 
subject matter sought to be patented must be taken as in compliance with the 
enabling requirements of the first paragraph of § 112 unless there is reason to 
doubt the objective truth of the statements contained therein which must be 
relied upon for enabling support. 

/// re Manocchi, 169 lCS-P-Q, 367, 369-370 (C.C.P.A. 1971). 
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The examiner has no reason to doubt the objective truth of the statements contained in 
the apphcation teaching the manner and process of making the claimed invention. 
Apphcants' claimed invention is fully enabled as a nucleic acid molecule, a pharmaceutical 
composition and a method of inducing an immune response with a recombinant nucleic acid 
molecule comprising genes for NS proteins and the 5'-UTR of hepatitis C virus. The 
specification discloses and one skilled in the art would know, for example, as evidenced by 
Dr. Wands' declaration, and by Tokushige et al. and Encke et al., that the NS proteins 
expressed by the claimed nucleic acid molecule would produce a sufficient humoral and CTL 
immune response in a human. The examiner has not provided evidence sufficient to doubt 
the truth of the disclosure stating that the claimed compositions and methods produce a 
sufficient immune response in a human. 

Immunizing mice with a DNA vaccine against HCV and measuring an immune 
response is an accepted model for DNA vaccination against HCV to raise a therapeutic 
immune response in a human subject. See Wands Declaration, ^[ 12-13. The examples in the 
instant specification vaccinated and immunized mice with a DNA vaccine but did not 
challenge the immunized mice with HCV. Rather, these examples measured efficacy of 
genetic immunization with DNA vectors expressing HCV NS5 protein as a function of i?i vivo 
tumor growth and /// vitro splenocyte activation. The experimental evidence presented in the 
specification demonstrated that immunization and assessment of cytotoxic T-lymphocytes 
(CTL assay) in mice is a relevant measure of cell mediated immunity leading to immunity 
against HCV infection. The experimental evidence in the examples in the specification 
correlates an /// vitro or //; vivo animal model assay to a disclosed or claimed pharmaceutical 
composition or a method of inducing an immune response against hepatitis C virus in a 
human. 

[l]f the art is such that a particular model is recognized as correlating to a 
specific condition, then it should be accepted as correlating unless the 
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examiner has evidence that the model does not correlate. Even with such 
evidence, the examiner must weigh the evidence for and against correlation 
and decide whether one skilled in the art would accept the model as reasonably 
correlating to the condition. 

/// re Brana, 51 F.3d 1560, 1566, 34 USPQ2d 1436, 1441 (Fed. Cir. 1995) 

Since the initial burden is on the examiner to give reasons for the lack of 
enablement, the examiner must also give reasons for a conclusion of lack of 
correlation for an in vitro or //; vivo animal model example. A rigorous or an 
invariable exact correlation is not required, as stated in Cross v. lizuka, 753 
F.2d 1040, 1050, 224 USPQ 739, 747 (Fed. Cir. 1985). 
See MPEP 2164.02. 

The Examiner provides no evidence that a correlation does not exist between a 
cytotoxic T cell (CTL) assay, as described in the instant examples, and efficacy of a genetic 
vaccine to produce a therapeutic immune response against HCV. A specific CTL assay 
accepted in the art is shown, for example, in Example 6 of the specification. See 
specification, for example, page 21, 1.1 to page 22, 1. 8. The assay in Example 6 demonstrates 
specific CTL activity of spleen cells derived from mice immunized with pApNS5 construct 
compared to mice immunized with a mock DNA construct (no HCV DNA). The specific in 
vitro CTL activity is from spleen cells of mice that have been challenged with myeloma cells 
(either mock or HCV transfected), in which the spleen cells have not been prestimulated with 
HCV or HCV peptides. Figure 3 of the specification demonstrates that spleen cells from 
pApNS5 immunized mice show^ a specific CTL activity greater than the spleen cells of mock 
DNA immunized mice. This is a standard and accurate measure of CTL activity in response 
to immunization with a genetic vaccine or for immunization with a standard subunit vaccine. 
Furthemiore a specific assessment of cytotoxic T-lymphocyte activity /;/ vivo is demonstrated 
by reduction of tumor w eight and volume in mice immunized with the pApNS5 construct 
compared to mice immunized with a mock DNA construct (no HCV DNA). See, for 
example. Example 7, page 22, 1. 9 to page 23, 1. 1 7. Both the CTL assay and the reduction in 
tumor volume are in vivo assays accepted in the art. These assays are predictive of efficacy of 
a vaccine to treat HCV infection. 
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The evidence of record supports the conclusion that one skilled in the art at the time 
the invention was made would be able to make and use the claimed invention without undue 
experimentation. One skilled in the art would readily be able to make Applicants' claimed 
nucleic acid molecules, prepare pharmaceutical compositions using these nucleic acid 
molecules, and use such compositions to immunize an individual without undue 
experimentation. Accordingly, Applicants respectfully request that the rejection under 35 
U.S.C. ^? 1 12, first paragraph regarding enablement be w ithdrawn. 

CONCLUSION 

In view of the foregoing. Applicants believe all claims now pending in this 
Application are in condition for allowance. The issuance of a formal Notice of Allowance at 
an early date is respectfully requested. 

If the Examiner believes a telephone conference would expedite prosecution of this 
application, please telephone the undersigned at 206-332-1380. 



Date: January 24, 2003 



Respectfully submitted. 
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John W. Caldwell 
Registration No. 28,937 
Phillip A. Singer 
Registration No. 40,176 



Woodcock Washburn LLP 
One Liberty Place - 46th Floor 
Philadelphia PA 19103 
Telephone: (215) 568-3100 
Facsimile: (215) 568-3439 
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YERSjOTNTWlTH MARKINGS TO SHOW rH ANnt^^i^M^ 

6. (Amended four times) A recombmant nucleic acid molecule comprising a 
nucleotide sequence encoding hepatitis C virus NS4 or NS5 protein wherein said nucleotide 
sequence is operably linked to regidatoixele^^ ^ 
promoter, enhancer, polyadenylation sequence, and ajl untransiated region (5'-I ITR W^ 
5:iyi R comprising at least the9mo st 3' nucleotides of a 5' UTR of hepatitis C virus. 

1 3. (Amended four times) A pharmaceutical composition comprising: 

a) a recombinant nucleic acid molecule comprising a nucleotide sequence encoding 
hepatitis C virus NS4 or NS5 protein, wherein said nucleotide sequence is operably linked to 
regulatory elements functional in human cells; and 

b) a pharmaceutically acceptable carrier or diluent; 

wherein said regulatory elements functional in human cells comprise a promoter, enhancer, 
polyadenylation sequence, and a5 ' untranslated region J TR),said5_ '-UTR comprisinP .t 
least t he 9 most 3' nucleotides of a 5' UTR of hepatitis C virus. 

32. (Amended four times) A method of treating a human who is infected with 
hepatitis C virus comprising administering to said human a pharmaceutical composition in an 
amount effective to induce a therapeutic immune response against hepatitis C virus, wherein 
said composition comprises a recombinant nucleic acid molecule comprising a nucleotide 
sequence encoding a hepatitis C virus nonstructural protein, wherein said nucleotide sequence 
is operably linked to regulatory elements functional in human cells, and a pharmaceutically 
acceptable carrier or diluent, wherein said regulatoiy elements functional in human cells 
comprise a promoter, enhancer, polyadenylation sequence, and aXimtranslmMjie^^ 
UTR), said 5--UTR comp ri sing at least the 9 most 3' nMrl entiH^^c^ 5- yjR of hepatitis C 



virus. 



(Twice Amended) A phannaccutical composition comprising: 
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a) a recombinant nucleic acid molecule comprising a nucleotide sequence encoding 
a hepatitis C virus nonstructural protein, wherein said nucleotide sequence is operably linked 
to regulatory elements functional in human cells; 

b) a pharmaceutically acceptable carrier or diluent; and 

c) a facilitator; 

wherein said regulatory elements functional in human cells comprise a promoter, enhancer, 
polyadenylation sequence, and a 5' untranslated re.^ion (5'-UTR), said 5'-UTR comprisini^ at 
least the 9 most 3' nucleotides of a 5' UTR of hepatitis C virus. 
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5' End-Dependent Translation Initiation of Hepatitis C Viral RNA and the Presence 
of Putative Positive and Negative Translational Control Elennents 
within the 5' Untranslated Region 

3Y0Ui\G J, YOO,* ' RICHARD R. SPAc'E,*'^ ADAM P. GEBALLEj 
MARK SELBY,* MICHAEL HOUGHTON/ and JANG H, HAN*'=^ 

*Cniro'^ CorpordTion. 4550 Honon Srraet cmeryviHe. Cahhrma 948G3: dn:i 'D^panrvent of Mo/ecJar Medicine, 
^red ^'Jicr»nscn Cancer ^sssarch Csnrer. 1124 Coijrr.aa Srreet. Se3We. Wasn,ngton 93 10^ 

^eceivea July 23. 1 992: accBored Augus: 26, ^392 

Hepatitis C virus (HCV) Is a distant rglative of pestivinjses and ftavivirusas, but it has a 5' untranslated region (UTR) 
with some features structurally similar :o that of picornaviruses. In order to test the role of the 5' UTR in controlling the 
expression of the HCV polyprotein, we fused foH-langth or deleted versions of the 5 UTR of HCV-i RNA to chloram- 
phenicol acetyl transferase (CAT) mRNA to monitor CAT activity m vivo. We found: (1) the fvjil-length S' UTR of HCV-1 
RfvjA 13 Translationally inactive while 5' deletions v^hich mmnic a 3' subgenomic RNA detected in vivo are active. (2) an 
efficient c^s-acting element which reprgsses translation is found at the 5' termmus, (3) a puiative element which 
enhances translation is found near the 3^ terminus of the 5' UTR, (4) additional c/s-acting elements including small open 
reading frames (ORFs) upstream from the putative enhancer element downragulate translation. We did not find evi- 
dence supporting the existence of an internal ribosome entry site in the 5 UTR of HCV- 1 RNA. These data suggest that 
HCV may employ a distinctive translation control strategy such as the generation of subgenomic viral mRNA in infected 
cells. Translational control of HCV might be responsible for some of the charactenstic pathobiology seen in viral 

infection. C '!992 Acadcmtc Praw. mc. 



INTRODUCTION 

HCV IS The major etioiogic agent cf ncn-A, non-B 
hepatitis worldwide (Alter er a/.. "989; Choo et aL, 
1989, 1990: Kuoefa/., 1 989), It has a positive-sTrand 
R\A gencme of aporoxiniaTeiy 3500 nucleotiaes 
which encodes a po'yprctein that \s processed into 
structural and nonstructural proteins {Choo er af., 
1969, 1990. 1991). HCV resembles flaviviruses and 
pssiiviruses m genome crganization within the pcly- 
p^otein region and ts proposed to be a member of the 
-/3wy/r/dae (Choc era/.. '*990. 1991; Ha-^ era/., 1991; 
Houghton et ai, 1991). HCV isoiaies shew consider- 
oD'e ammo acid sequence vahations in coding regions, 
but they car oe segregated into at least fcur different 
groups based on distinct airino acid sequence pat- 
terns [Houghtcn er a!., 1 991 ; Okamoto et el., 1 992). 

The 5' untranslated region (UTR) o^ "ull-length HCV 
RNA appears to be 34i nucleotioes long, cased on at 
^sast five putative lull-length HCV clones reported to 
date (Chen era/.. 1992; Han e'ai, I99i . Tanaka eiai, 



' B.j.Y. IS cn ssb03!icai leave Tcr- the Deoa.tme^t cf B'O'ogy. 
'aegu University. Taegu, Korea 

^ ^resent acc'ess: V3c:cr Phar-nacej'jca's, .nc. '61 5 Oio 
Co■^"^y F.oac Belrroni, California 94C02. 
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1992; Okamoto er ai., 1991). Unhks the polyprotein 
region, the 5' UTR of HCV isolates are highly 'conserved 
(>98% within a group or >93% between groups), sug- 
gesting a functional imponance (Han ex al . 1 992). ThiS 
region contains up to five upstream open reading 
frames (ORFs), the first four of which are overlapping m 
HCV-1, the orototype HCV isolate (Choo era/., ^991; 
Han era/., 1 991). The 5' UTR is homologous m nucleo- 
tioe sequence to pestiviruses, especially in four re- 
gions (PEST-I to -IV) {Fig. 1C) (Han era/., 1991). Previ- 
cusly. pnmer extension analysis has revealed ina: two 
prom.ment species of HCV RNA exist m samples de- 
rived from infected patients (Han era!., I99i): a Icnger 
presumptive full-length genomic RNA, the 5' terminus 
of which IS predicted to form a hairpin structure (Chen 
er ai., 1992; Han er al., 1 99i ; Ir^chauspe er a/., 1 991 ; 
Ckamotc stai., 1 99i , 1 992), and a shorter 5' subgeno- 
mic RNA. the 5' terminus of which starts 145 nucleo- 
tide from the 5' terminus of the longer RNA (Han er ai, 
1 991 These features suggest that contro' elemenils) 
•mpcrtanttc viral replication ana polyprotein translation 
may be present in this region of the HCV genome. 

The 5' end of the HCV genome is considerably differ- 
ent from flaviviruses (Han era/,, 1991). However, it has 
been suggested that the presence of smell upstream 
ORFs and the re'atively long length of the HCV leader 
iChoo era/., I99i; Han ersA. ^99^.; Inchauspe era/. 
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o3Z 

^ 3d\ <3:o e?- a/., '^'^O^aKa^^-.zavja st ai., '95 ware 
'eatu.^es ^e^;r:scen* dgIicv.tjs 5' U"^Rs ;K;tar'j^a e: 
31., 1981), '"he o UT,=^s of piccrnaviruses a!Iow for cap- 
■ ndependent :ransl3t'or of cicornaviral genomes ancJ 
a 50 cGn:a:n a c/s-acttng site which aiiows fo^ internal 
enipy' 0^ nbcscmes (.ang ei si, 1 989; Pe'letier and So- 
^enberg, ' 983) ::on:r3s: to :'":e nnore osua,' scanning 
nnechanism nypothesized to account for the transla- 
tion of most euoryotio capped messages (Kozak, 
1933, 1989). In fact, jkiyanna-Kohara ei al. (1 922) 
recently reported the presence cf an internal riboscme 
entn/ sue CRES) withm the 5' U'^R o* HCV R\A pre- 
oarsd from two Japanese isolates us'ng an in vitro sys- 
tem. However, we reoort evidence using an in vivo sys- 
tem employing bo*n monocistronic and dicistronic 
contracts, which indicates that the translation of HCV- 
1 RNA IS mediated not by an internal initiation but by a 
5' end-dependent imtisTion which favors the conven- 
tional' cap-depenasn: ribosome scanning mechanism. 
Moreover, we nave mapped three distinct c;s-acting 
control elements, which can block, repress, or en- 
hance translation. Our results suggest mat a sucgeno- 
mfC mRNA which is generated by an unknown mecha- 
nism in VIVO rnay be the ma^or template ^or the transla- 
tion of the viral polycrotein. 

MATERIALS AND METHODS 

Cells, bacterial strains, and plasmids 

Huh7, HeLa. and HepG2 eel's were grown in Dul- 
becco's modified Eagle's medium supplemented witn 
10% bovine caif serjm (G'BCO-BRL. Gaithersburg. 
MD), Cells were grown in the presence of 7% CO2. Al. 
plasmids were grown m Escherichia cofi HB101. pur- 
chased from GIBCO-BRL. 

Enzymes 

Restnction enzymes and T4 DNA ligase were pur- 
chased from Boehringer-Vlannheinn (Indianapolis. IN). 
Taq-polymerase from Perkin Elmer (NonA/aik. CT), and 
T7 RNA polymerase and RNas;n from Prcmega (iVad- 

ison. Wt). 

Construction of expression plasmids 

The construction of plasm,d cT7EMCAT and 
pSVjCA"^ have been descffbed {Elroy-Stem er ai, 
1989; German et al., i982). Plasmid pHCVCAT was 
constructed by attac- r.g Hin6\\\ sites at the both ends 
of the 5' UTR of HCV cD\'A [Han er dl., 1 991) by PGR 
{Ssiki et ai, 1988) ana cloning the resLjltant fragment 
into the Hinm\ site of cSVjCAT. Plasm d pEQ355 was 
consf-ucted by ■nser:ing the 3^^^ bp 5' UTR 0' HCV-' 
into the Hino\'\jAsDl^^ sites ^esider; \r the mult pie 



c!on;-g siie of J-g3iactcsiGase li-ga.) exceso c- 0 33. 
miG, pEOi75 (Schleisse* a./, 1991). ^r>e r^cV-^ 3' j--^ 
.vas generated as a H/ndlll//4sp71 3 ^CR fragmer-i J3. 
ng 5": 14, an EcoRi ^^sgment vom a ambda vec-r 
(houghton and Lee, unpublished data), as tSmr'^qro 
Plasmid pEQ39: [pCMV(CAT/MCV/LacZ)], was cen5^ 
a-ed by iigating a 7 1 6-bp H/ndill/Ssnl fragmen: enccc- 
mg the CAT gene isoiatsd from plasmid cSV^CA^ ^Gcr. 
man er ai., 1932) Into plasmid dEQ355 at the Hin^y 
Site. The Hinm sites were iigated and the Ban\ s 'e and 
uniicated Hmm site :n pEQ355 were blunted With 
KIsnow and rsligsted. Plasmid pEQ4l6 [pCMV;CA^/ 
DOlio/LacZ)] was constructed by ligatmg a 7 1 6-bp 
r//ndlll/5s/77H! CAT^gene-encoding PGR fragment gep. 
erated using pSVgCAT as template, a 995-bp Bam\^\i 
Xho\ fragment encoding the poliovirus 5' UTR iso'ated 
from pEQ396 (Spaete et al., unpublished data), a'cng 
with /3-ga( expression plasmid pEQ 1 76 digested at :.he 
Hin6\\\fXho\ site in the pofylinker. pEQ395 is a ,^-aal 
expression plasmid constructed by cloning the 5' UTR 
poiiovirus sequence taken from pLfMPOZ (Adam ei ai, 
1 991) as an XhoMPsii fragment blunted using <lanow 
Into pEQ377 digested at X^al/SnaB! sites in the poiy- 
iinker. The Xbd\ site was also filled with Klenow to 
create blunt ends. Transcription of ;9-gal m pEQj77 
promoted by T7 bactenophage promoter (Gefcalle, uo- 
pubtished data). Plasmid p(CAT/SV40/LacZ) was con- 
structed by ligating the 71 6-bp Hin^mBBmUl CAT 
gene encoding PCR fragnnent described above, along 
with SV40 polyadenylation signals contained in ar 
84-7-bp Bgl\\IBamH\ fragment isclated from pPR25 
(Bun<e, unpublished data), and /3-gal excresston ples- 
mJd pEQ 176 digested with Hin6\\\fBgl\\. The autnentic- 
ity cf all PCR products was vehfied by sequencing sach 
of the resulting segments in the plasmids (Chen and 
Seeburg. 1985). 

Construction of hybrid CAT RNAs 

Segnnents of pSVjCAT vectors indicated by arrows 
(Fig. 1 ) were amplified by PCR as descnbed (Saiki etai, 
1988; Shyamaia and Ames, 1 991). Each sense pnmer 
(P3V or PI to P9) was designed to have a bacterio- 
phage T7 promoter (TAATACGACTCACTATAG) a: The 
5' end and a SV^O or HCV sequence of 1 5 to 1 8 bases 
at the 3' end (Taole 1). An antissnse pnmeMPToO, Ta- 
ble 1 ; had a stretch of 40 Ts at the 5' end and a comple- 
mentary SV40 sequence (GGAGGAGTAG) at the 3' 
end; th.'s sequence binds to vectors 350 bp after 3 stop 
ccdon tn the CAT gene by virtue of a perfect match of 
10 nucleotides and an additional poly A track present 
'n the template DNA. A segment of pT7EMCAT was 
amplified by primers T7 and T30 [Taole 1). Each ^CR 
product was transcnbed by T7 po'ymerase V7i:h or 
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Sequence 't' :o 2') 



TAATACGACTCAC'ATAGGCCAGCCCCC~3A^3G 

"AATACGACTCACTATAGCACTCCACCA'GAATCAC 

-AATACGAC'CACTATAGAA'CAC^CCCC^G^GAGG 

TAA^ACGACTCaCTA'AGCCA'GGCGT^AGTA^GAG 

TaATaCGACTCACTA"*AGAGTG"CG~GCAGCCTCCA 

TAATACGACTCACTATAGGG""C^GCGGAACCGGG~A 

taatacgactcactatagcctggagat^gggcg^g 
^aatacgac'gactataggag'agtgtgggtcgcg 
taa^acgac'cactatagggtc^cgtagaccgrgca 
taatacgactcactataga'n'ccagaagtagtgagg 

TAATACGACTCACTATAG 
T.qGGAGGAGTAG 
^3oCAGGCGTAGCACCAG 
GGGATA^A'CAACGGTGG'ATATCCAGTGA 



Nc:e The ccsfjcn or each cligonucectide Toe -^CV gencr^e is based on han ei al. (1991) 



without cap ans ogue (Promega, p201 0). treated with 
DNase, extracied witn phsnol-chlo.^oform, and precipi- 
tated twtcs with eihanol m the oresence of 2,5 M am- 
Tonium acetate, Concentration of sach pclylA)+ RNA 
was estimated by uv absorption and ccnfirnned by 
Northern and dot-blot hybridiza'ior (Fig. 1) as de- 
scribed (Han ei ai, 1986) using JHC271 as a probe 
(Table 1). In SVCAT. R1 1, Rl3, and sequences 
were internally msered or deleted by an overlapping 
PGR T.Q!hod (Shyamaia and Ames, i99i). The PGR 
oroducTS we-'e confirmed to be correct by sequencing. 

Translation of hybrid CAT RNAs in vitro 

Synihetic RNAs were translated m ruclease-ueated 
^abbit reticulocyte lysate (GIBCO-BRL) m the presence 
of 140 nnM potassium acetate, as suggested by :he 
manufacturer. Additional studies examining the 'nflu- 
ence cf icn concen:ra:*cn on cap dependence were 
cone in the presence of 50, 1C0, 150, and 200 rr\M 
potassiumi acetate. Aliquots of the translation product 
labeled with p^S]methionine were analyzed by electrc- 
ohoresis in a \ 2% pclyacrylamide gel as p-^eviously oe- 
scribed (LaemmJi, 1970). 

Transfection of hybrid CAT RNAs Into mammalian 
cells for CAT assay 

Two micrograms of each syntnetic RNA was trans- 
'scted into 1X10^ ceils m a 3.5-cr. Costar plate 
(Thomas Scientific, Swedesboro, NJ) us ng 15 mQ 
lipofGCtin (GI3C0-BRL) according to the procedure of 
^e.gner er a/. ( -987) mccifiec cy the manufacturer. 
CsHs wei^e mcubatec cver^^ignt and harvested fcr CAT 



assay as previously described (Gorman er ai, 1962). 
The relative CAT activity was shown to be linear be- 
Kveen 0.5 and 5 of transfected RNA. Post -transfec- 
tion incubation be^/veen S hr and overnight did not sig- 
nificantly affect CAT activity. For translation of RNAs m 
poiiovirus-infected cells, Huh7 cells were infected with 
poiiovirus (Mahoney strain. ATCC\/R-591 at a mult-piic- 
ity of infection (m.o.i.) of lOO, Cells were-uansfecTec 
with RNAs 2 hr after the infection ana harvested 4 hr 
after the Transfection. Cells maintained normal mor- 
phology during the 5-hr infection, after which they be- 
gan to change shape and detach from the culture dish 

Transfection of dtcistronic DNA constructs into cells 

Twenty micrograms of each plasmid DNA purified by 
a banding in a CsCl gradient were transfected into 2 x 
10^ Huh7 ceils by a calcium phosphate methoc (Gor- 
man er a/-, 1 982). The cells were harvested 48 hr after 
transfection and cell extract was prepared by repeatec 
freezing and thawing. The CAT assay was performed 
as descnbeo (Gorman er dl.. 1982). The LacZ assay 
was according to Mille'' (i 972). 

RESULTS 

Construction of RNAs with deletions in the 5' UTR of 
the HCV genome and rationale for the method 

In order to m.ap c/5-acting element(s) contrci.mc 
t-ansiation in the HCV genome, we linked full-!ength 
(from nucleoTiae ' to 341) or deleted versions o^ the 5' 
UTR of HCV-1 RNA to the coding region of chloram- 
ohsnicol acetyl transferase (CAT) mRNA (Figs. 1 and 2] 
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and r^easured CAT protean expression m viiro (aa^a rot 
ncwn) and CAT enzymatic act.v,Ty in v,.o (F,g. 3 We 

w'th T7 no '''' ^ '^9-- 

w^th T7 colymerase, whicn was first amolified by PGR 

contain 3 specific 5' cr 3' deletion (Rg. , , Each RNA 

(A40) at .he 2 end to increase stability in cells Ths 
ap.oroach allows an efficient prcd.Jcn of a larce 

a es rL ? ' f ^'^^^ transfectior strata- 

g.e^, RNA transfection of cells using th,s approach c,r- 

^,p' n ^'^^ -^o'ecules may encounter ,n the n> 
r c^a'^^A^^T^ T''"^' synthesized two adai- 
- ^ nnRNA that senyed as a posit;ve control for 3 cor- 



vent.onal cap-dependent translation (Kozak 1 98°) and 
(2) the ,MCVCAT with the 5' leader of Er/^V that 
.en/ed as a positive control for cap.,ndepend=nt inter- 
na! initiation (Jang er al., 1 989). 

Translation of hybrid CAT RNAs in ^itro 

clZT '° '^"'^^ ■ ^ R^As were bicogi- 
ca y active and to determine their translational profL 

1^1 J' ' ''''' ^'"'^ '"^^^ reticulocyte 
TScte (data not sncwn). All RNAs mciuamg SVCAT 

generated a CAT protein of the expected size. The 

HcJpAT T as follows: [1) ,n 

HCVCAT constructs, Ri to R5 produced CAT protem. 

.rnn? ""T'' ^h^s tevei of trans- 

at.on graaually ncreased ,n R6 and m R7, reacnma 3 
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Fig. 2- Nortrern blot (A) ard slo: c!oi anaiys 3 (31 of e^g neered 
»-,ybrid CAT R\As. Two-ieni's a m.c^cs.^am cf each de-aiurec 
RNA was eleciroproresed 1^ 8 i.S'^ agarcsG ge; cji-taining C.3 M 
forT,3Tiice 'or NoThs'n b,ct ara.ysis or d'^ec^ly bicned on t-e f .ter 
for 3 o: bio: aratysis {'^or\s:3l 9S5) Eac" bio: was bnc^zec with 
5 ^^p-!3D€l6C .HC271 w-iC' biods :c :he 5' ter-nmus r.e CAT 



maximum 12-fold increase in R8. (2) At <* concenrra- 
tions of UO nn/W the m -Jiiro translation of capped 
SVCAT and HCVCAT RNAs (R7. R8) was more effic'en: 
than Thai of ihe uncapped RNAs by an average cf 20- 
fo'd. (3) At Icw9r K-" concentrations (50 to 100 mM). 
translation of uncapped Ri template genera:ea CAT 
protein at levels conparabte to that of the capped R1 
template, possibly indicating the occurrence of weak 
internal -mtiation. These ^esutts, however, aid not con- 
firm recent data by ^sukiyar-^a-Kohara etal. (1992) who 
reported the detection of an efficient interna -^bosome 
entry site withm the 5' UTR of HCV RNA using rabbit 
rstculocyte lysate and HeLa cell extracts. Because of 
this discrepancy and :he fact that protein syntnesis m 
Vitro using cell tysates ooes not a,ways fa-tnfuily repre- 
sent translation conditions in vivo (Kozak, 1983). we 
elected to test our constructs m an in vivo system by 
iransfecTing mono- and dicistrcnic templates directly 
into mammaTan cells as a more relevant readout cf 
Dioiogtcal activity. 

Translation of hybrid CAT RNAs in vivo and 
identification of control elements 

in oi^der to determine the translation profile of the 
morccistroDc consiructs m vivo we transfected RNAs 
(Rl to Rl8) along with the control RNA, SVCAT. into a 
human hepatocyte celi line (Huh?) us'ng lioo^ectm 
l^elgner era/., 1 937) and mcn-io^ed CA' activities (rig, 
3; In The fuVlength construct R 1 , CAT activity was re- 
peatedly -r.detectable ('ig. 3, lane 3) unless the 
amcu'^t of RNA was increased by 5-fold ard more cell 



extract was used [data '^.ct s^ow-). ihs ^ss^it sug- 
gested ti-^at the fu .- engtn ^CV RNA '^ay ce 3^ 
efficient translation template yvo. V^/hen a series c 5' 
as et:on constructs were analyzed q. 3, .a-es 
CA~ aciiv'iy was r^sX cetected 'n R2 in wmch t^^a =' 
terminal hairpir cf 23 nucleotides was removed, ^h s 
activ'ty increased by ^-^dd m R3 and a similar :9vei of 
activity was defected in R^, R5, and R5 wh'cn ws^e 
systematically deleted for ORFi to 4, it snouio oe 
noted that tne 5' leader sequence m R6 was ^deniicai tc 
that of the 5' subgenomic RNA cetected m vivo (Han 
5/.. 1991). This activity furrher increased by 2-foid m R7 
ir which the AUG codon of ORF 5 was removed and an 
additional 1,5-fold m Ra which retains only 86 nucleo- 
tide cf 3' proximal sequence, representing a maximum 
activity. These data suggested that sequences up- 
stream from nucleotide 255 including the small ORFs 
are inhibitor/ to The translation from the major initiation 
codon for the polyprotem. 

Tne maximum CAT activity seen in R8 decreased 
sharply upon a further deletion of 67 nucleotides (Fig. 
3, R9). This result suggested that an efficient posifve 
control element that stimulates translation may be 
pressnT downstream from nucleotide 255. This36-nu- 
cleotide region contains a 23-nucleotide sequence at 
position 291 to 231 with 90% sequence identity to 
pestiviruses and has beer designated as PEST-IV (Han 
sr a/., 1991). To determ.ine whether the PEST-IV e e- 
msnt IS solely respons'ble for the obsen/ed trisnslatior 
stimulation, we performed 3' deletion analysis on Ro 
(Fig. 3, lanes 1 2-15), We chose this RNA because any 
construct whicn contained an intact 5' terminus of HCV 
RNA was inactive (see beiow) and 3' deletion .n RB 
would generate RNA with a short 5' leader, Upon trans- 
fection, the CAT activity seen m R6 was dropped i .5- 
fo!d by a deletion of 20 nucleotides from the 3' end cf 
R6 {Rl 7, 'ane K) and a further 2.5-fold decrease by an 
additional de,etion of 28 nucleotides {R18, lane i5). 
These data indicated that additional upstream and 
downstream sequences from the PEST-IV were nsces- 




Linci: 1 2 3 A 5 b ^ 9 9 10 11 !2 U 14 a5 16 

PiG, 3. Translation of :ransfected synthettc RNAs in Hl,^7 ce'13 
Two •Titcrcgrams cf each RNA were uansfected inio 1 x ■ 3' Muh7 
cells jsing liD0'8c:in (Feigner er ai.. 1 997) anc i^s CAT acTiviry ws5 
freasjred K ^ours 'ater (GorHne-^ er al , 19821- The posi-ions c* 
uracety.ated CAT \C] and Tiono3CStyta;ed CAT croducts ('.ACC or 
3ACC) 8re indicated 



.ITi'^' -ansia- cnai snnancsnent iVong- 
:n9 ess. --ts ==r3T- v seq^s-ce aspea-s to be 3 oart of 
a pcs'tAe c;s-3c:!pg eiemer: .vh c.'^ ca-i be trans'sr-ed 
♦c a ns'srciogo^s 5' leade" vvhe'^ r*^i5 2a-njc'GOTic;9 
^s^-snc8 was inserted inio the SVCAT to"' crea'-e 
3 VCAT, T car-eTSd an .'^crease m CAT activity 0^ 3- 
:old ;F,g. .'ang 2 v3 l3-e 3). 

:r aadfcnai j'de'etion analvs'S. .-^oCA^activiTy was 
da:ecTedi"R:i ancRUIFg S.lanes^a, :3;or,nR^3 
;da*3 not Shown), all of whic.r ccn'ained the 5' hairpin, 
Thgse data are cons'Stent with the v;ew that the 5' 
haifcin .Tiay be mh.bitory to tne translation of HCV R.NIA. 

The effect of 5' hairpin of HCV on the translation of 
CAT RNAs 

S.nce PNAs wuh the mtact 5' terminus were ah inac- 
t-ve irespect.vs of t.^^e downstrearr, seausnces (Fig. 3, 
lares 3, : 2 1 3;. ws testea whether a potential 5' hafr- 
pin structure resident 'p the .most distal 23 nucleotides 
(hereafter referred tc es the 5' hairpm) is d.rec'ly respon- 
siole for the observed translation mhioition. Accora- 
i.-giy, the 5' hairpn was iinked tc the 5' terminus of the 
two active RNAs, R6 and R8. These RN'As (R6hp Ranp) 
were trarsfected into Muh7 cells sno the CAT act.vity 
was measured. As snown in Fig. 4. the juxtaposifon of 
the hairpin on these constructs nearly abolished ^^e 
translation as demonstrated by the relative CAT activity 
(l3ne_ 7 vs lane 9, lane : 0 vs lane : 2). This indicates that 
the a' hairpin 13 a potent translation innibitor, although 
complete inmbiticn req^^irss mo.^e sequence ♦han the 
23-nucieotide hairpm alone. 

Translation of hybrid CAT RNAs in poliovirus- 
infected cells 

Poliovirus infection is snown to inhibit the cap-de- 
pendent translation of cellu'ar mRNA and tnereby pro- 
mote translation of its own cr heterologous RfMA which 
co-tains an iRES witnin .'ts 5' UTR (Jang er a/ 1989- 
^^fol^i^'"^ '99': Peiletier and Sonenberg' 

.988). Tms .nhibmon is believed to be mediated indi- 
rect.y by tne oo'iovirus-encoded proteinase 2A acti- 
vating an unidentified latent cellular protease which .n 
turn cleaves p220, a component cf the cellular cap- 
bTiding prctam complex (elF-4F) (Sonenberg 1988) 
iherefore, we tra.-sfected hybrid CAT RNAs with 
vanous 5' UTR ,nto Huh? cells infected with ooi.oviru. 
I h.3 strategy was des.gned to determine the cap de- 
pendency of eacn RNA and to detect the possible exis- 
''^ES Which may be o-ssent in the HCV 

n "re. P. ^AT^ '"^'-^ ^^"^-'^^^ ^-^-^'^^ 

^n.rea.ed .AT act.vity by seven-'cid in EMCVCAT (Fi- 

are 13 vs lane U), a oositive control RNA rbnnte" 

nai m.tiatior {E.rcy-Ste.n e: 31., tS69;. In contrast the 
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p/^?- *■ J^^ °' POl'Ovirus irfsction. the 5' hs.rp.n ann 

FE:=T.|V 8lener, CAT acvl-y ,n cells. Ce.s (1 x ; v--! 
■jr.r.teaea =r Infeaeo (lane 4 8, i : , and '41 .Vh on -v,r..- 
(ATCC VR.63, 2 hr before RNA t.nsfec.on a,' . . o o' t, !, 
action corccons were the same as ,r F.g 3 excep-T-a, ! 
was assayea 4 hr atrer R\a t-ans'sction. 



intection substantially decreased CAT ac'vity 
SVCAT (lane 2 vs lane 4) as well as m two HCV co- 
structs, R6 (lane 7 vs lane 8) ana RS (lane 10 vs .ane 
n , respectively. The lowered CAT activ.ties se^n in 
pol.ov.rus-infected cells were further diminished if m- 
tected cells were incubated longer than 2.5 hrprorto 
RNA transfection (data not shown). The CAT activi^ of 
R I remained undetectable regardless of poliovus in- 
fection (fares 5, 6) Tms result strongly suagested that 
an ,RES IS nof present in the 5' UTR of HCV^f R\a 

With the exception of the Rl construct the con- 
structs tested in the above experiment contained .a^qe 
deletions of the 5' UTR. Because it is formally poss.bie 
that such deletions may have affected a putative iRES 
structure and/or function, we elected to test con- 
structs with less extensive deletions for their abnity to 
translate CAT protein in poliovirus-infected cells in 
agreement with results shewn in Fig, 4, the CAT activ- 
'ty of the Rl construct remained undetectapis in -he 
Presence cr absence of poUovirus infection (Fig Sa' 
lanes 3 and 4). Constructs R2 to R5 showea relative 
leveis of CAT activity similar to those aescribed previ- 
ously (e.g.. ^ig. 3) when tested in the absence of colio- 
vrus infect on (Fig. 4A. lanes 5, 7, 9, and 1 1 .respec- 
tively). However, tne CAT activities of the HCV lead'-^ 
templates were practically abolished m the pcHovrus- 
intected cells (Fig. 5A. lanes 5. 8, 10, and 12). 

in addition, templates SVCAT and Rl to R3 were 
testea m a similar protocol using uncapped m°<=s'-e3 
As IS shown in Fig. 5B, the uncapoed templates wsre 
inactive <n trarsfected ce'ls whether cr not the c=''3 
were suossquently infectea witn poiiovirus Thes= r=- 
sults st.'cngly suggest 'hat monocistrcn.c messagas 
with ^/s-acting regulato.-y elements de.rvsd from the 
HCV 5' J-R are translated by a cap-dependert mecna- 
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coPs:rLct with ::^e -•CV Isace-" O'd -^or s^oco-^ ^re 
trans. ation of :he secona LacZ cistrcn 3: a .cvsl ccrr.ca- 
rabls to the dicis:rcnic zorVol constrjct er^p cymg a 
pclicvirus -eader (-'g, 6C). Tnese daia slpdoi^ ear- 
jer evidence generated using nonocistromc ac- 
strjcis :nat '."^e full-iengih 5' UTR 0^ -iCV gano.'^ie does 
not Gon:a:n an iRES 

Translation of HCV RNA constructs in HeLa and 
HepG2 cells 

Transient transfection assays can give different ''ead- 
O'jts that are celt line aepenoent. in orde^ to ensure 
that the results we obtained were not confined to 
HUH7 cells, we transfected Ri, R7. 3rd R3 constructs 
into HeLa and HepG2 cells to assay the constructs m 
aifferent cell lines. The resultant pattern of CAT actfV'iy 
were qualitativelysimilarto that obsen/ed m Huh7 cei;s 
(Fig. 7). 
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Fig. 5. ~i^e elect of coiiavirus .rf3c:lon cn OAT acTiv.ry cf capoed 
(A) cr uncapped (B) R\As in r^uh / cells. Ce' s [1 x iO°) were unm- 
tected C'r^fecled (>anes4. 6, 9. iO, a"d i2 tor A; lanes 2. 4. 6, and 3 
tar 3) with pcliovTLis, tra'^sfected wit"- inaicatec R\As anc assayed 
tor CAT 3ct viTy. ?xpenr-ie'~tal condit ons were :he same as Fig 4. 



nisnr and that the HCV 5'-noncoding region dees not 
have an .'RES et'ement. 

Translation of dicistronic mRNA in Huh? cells 

The possible presence of an IRES within the 5' leader 
:f HCV was further tested by transfecting Huh7 cells 
witn DMA constructs aesigned to transcribe a dicis- 
•rcnic mRNA. Thus we p aced the 5' UTR of HCV RNA 
ds an irtercistro'^ic spacer between CAT as the first 
oisiron and LacZ as the second cist-'on and cloned this 
inked DNA into an expressicn vector, in which tra*"- 
scription is denved by the strong enhancer-promcter of 
*he rrajor L^.mediate-early gene in cytomega^cvirus 
■CIVV) (-^ig. 6A). In addition, we constructed both posi- 
^ ve and negative contro' dicisiror^'c vectors, r wh;c^ 
5' UTR of HCV was replaced w'th :^e 5' UTR of 
holiovi^us anc the 3' UTR of SV40 early gene, respec- 
tively. Lpo^ iransfectic into Huh7 ce'ls, aH three con- 
.-st^ucts Supoo^ed transiat^cn cf the rirst CA^ cistron at 
3 co^paraole leve, (Fig. 63); however, the diCiStronic 



DISCUSSION 

HCV 13 believed to be a distant relative of flavivirusss 
(ChooersA, 1989, 1990; Han era/., 1991; Houghtcner 
5/., 1 991). but its genone has structural features at the 
5' and 3' ternn*ni shared with that of poliovirus (Kitamu^a 
era/., 1 981) in two respects. First, tne 5' UTR of HCV is 
'^elative'y long, contains nnultiple ORFs, can be Tod- 
eled into a highly ordered structure (data not shown), 
and has a putative hairpin structure at t-he^iS' terminus 
(Han er sL, 1991: inchauspe er a/., 1 991 ; Okamoto et 
dl., 1991. 1 992). Second, the 3' UTR of HCV is shon 
and has a homopolymer tail (Han and Houghton, 
1 992). Since the 5' UTR of poliovirus RNA is translated 
by a cap-fndependent internal initiation mechanism 
(Pelletier and Sonenberg. 1 988), we searched for the 
same mechanism in the 5' UTR of HCV-i RNA. How- 
ever, we failed to detect such an activity ;n vtva m con- 
junction with poliovirus infection. In addition, we could 
not detect evidence for internal initiation using a dicis- 
tronic nRNA approach, a standard DNA transfectior 
system for the detecticn of IRES in a test RNA (Jang er 
3/., 1989; Pelletier and Scnenberg. 1988). Our --esulis 
are not cell type-specific, since we obtained simi ar re- 
sults from severa' human cell lines including HeLa and 
HepG2 cells (data not shown). Taken together, we 
conclude that the 5' UTR 0' HCV-1 RNA does not con- 
tain an IRES. Furthermore, the fact that all test RNAs 
having the hatrpin at the 5' terminus were translation- 
ally inactive strongiy suggests that translation of HCV 
RNA !S 5' end-dependent. 

In contrast to cur results from HCV-1 , s group t iso- 
late, 'sukiyama-Kohara ex al. [1 992) recently repcrtsd 
the detection of iRES witnn tne 5' UTR cf HCV RNA 
from two Japanese isolates which belong ic gro^p 1^ 
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and 111, respecfvely. Currently, it is djfficul! to explain 
These discrepant results, Although it is fess likely, it 
may be formally possible That different groups of HCV 
have adapted different translation strategies during the 
course of evolution, The two Japanese HCV isolates 
vary m the strength of internal initiation by twofold 
(Tsukiyanra-Kohara et ai, 1992). The nucleotide se- 
quencs fn the 5' UTR of the two reponed Japanese 
HCV isolates differs frorr) each other by 5% and frcm 
HCV-1 by 3 and 5%, respectively. Amcng HCV isolates 
fnc'udmg tnese three, the sequence heterogeneity 
within me 5' UTR is mainly clustered oetween nucleo- 
Tiae 200 and 250. which may fornn a potential secona- 
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Pig. 7. Trarslancn of hybna CAT RNAs i^ans'ec'.ed ,nto HapGS 
cells and HeLa ce, s, R\'A ira.nsfectio.-^ ard OA- assay were per- 



forrsd as dGscnbea m Fig, 3 .'egerd 



ary structure, in this structure, a-pyhmidine tr^ck which 
may be important for internal initiation (Luz and Beck 
1991; Pestova ef a/,, 1991) rg located within a bop 
reg/on (Tsukiyama-Kohara etaL, 1 992). Although HCV- 
1 has this sequence m the same region, our results do 
not indicate that the presence of it confers 3 cap-mae- 
pendent translation phenotype. Alternatively, m vnro 
systen^s can be influenced in their cap dependence oy 
levels of K* ion ,n the lysate (Herman. 1387). It is not 
known what icn levels were present in the lysates 
used in the earlier report by Tsukiyama-Kohara et al 
(1992). 

At the 5' terminus, HCV^I RNA has a 27-nucleotiae 
sequence that has a potential to form a hairpm struc- 
ture with calculated free energy of - 1 4, 5 kcal/moi (Han 
etaL, 1991). Although the existence of this hairpin 'n 
physiological conditions needs to be verified by nu- 
clease digestion experiments, consen/aticn of its 
structure, but not the pnmary sequence, m all putative 
^ull-iength HCV sequences reported to aate (Che^ e: 
a/., 1992; Han er 3/., 1 991 ; inchauspe a/ I99i 
Okemoto er ai, 1991.1 992) implies that the putauve 
hairpm could be functionally important. We proveo mat 
sequence residing within this proposed 5' hairpm func- 
tions as a potent translational inhibitor. It was shown 
that a stable secondary structure m the 5' UTR of 



-^^.\A ,a3 - -5C KcaVrioO rscuces trars'atio" e^^i- 
c^'cy ^<02a< '985, By ccr^canscn, tr^e optative 5' 
i-airpr i-^CV '^as a reiat.ve.y wea< seCG^oary st^jc- 
Tj^e, wh en may not be sjficiert tc block tne un.v na- 
.r,c activity of the 'nitiaror ccmoisx (Sonenberc, 1 9S6), 
However, because of its Iccaiion, ;t may block rbo- 
som^e entry onto the 5' e^d of :re ^NA. Alternatively, i 
-^ay be a bincing sits for cei'L'iar ^actorJs) which could 
be invoved :n viral ."eplicat'cn or encapsidatton. RNA 
rairp ns have beer mol cated m translaticnai control cf 
ceilula-- and viral mRNAs. In *erril n mRNA, a hairpm in 
The 5' UTR reversioiy b nds a cytosolic protein in the 
aose^ce of iron, which rssu'ts m translation repression 
(Rouaultera/, 198S). in XenopL/s oocytes, intrcductton 
0* an artificial hairpin into the 5' lerm^nLS o^ a test 
PpRI\A results in regu.aticn of farsla'tcn, which isspe- 
ci^c to the stage of d fferentietion ;Fu er 3/., 1 99 1 ). A 5' 
proximal nairpin is h'ghly ccnsen/ed between enterovi- 
ruses and rhinoviruses. in po^iovirus, the RNA hairpin is 
recured for efficient translation and viral replication 
and ^utation in this ^egio'^ s gnificantly 'ewers transla- 
tion efficiency, suggesting That the hairpin potentiates 
the mterria! hbosome initiation process oossibly by its 
interaction witn downstream element c protein fac- 
tc^(s) (Simoes and Sarnow, ^^991). Thus the roe in 
translation olayed by the putative 5' hairpin of the HCV 
genome is opposite to that of the poliovirus genome, a 
marked difference between HCV and poliovirus. 

We have located a putative c/s-acting element that 
efficiently enhances translation within an 86-nucleO' 
t:de region, which contains the PEST-IV homology box. 
The latter 28'nucleotide secuence is neany perfectly 
consen/ec among KCV iSD'ates and 3*^ares 90% nu- 
cieotide sequence identity with pestiviruses (Han eta/., 
1991). implying a functional significance. Altnough we 
nave not determined the orecise 5' and 3' border of the 
positive etemient which enhances translation, we have 
demonstrated that the PEST-IV homo'cgy box is a part 
cf such an element. Currently, it is unknown how this 
element augments translation in vivo. Based on its rela- 
tively short sequence requirement, it may ^acil^tate 
tf-anslat cn by providing a higher relative affinity fcr limit- 
ing ccmponent(s) of translation mschiren/ as sug- 
gested for alfalfa mosaic virus (Jobiing and Gehrke. 
1937). 

The upstream ORFs, especially the last tn^ee of the 
five, are consen^/ed m ail riCV isolates suggesting their 
possible rote m translation. However, defining a rcle for 
the *Tst four ORFs in translational control :s comcli- 
cated by two structural 'eatures: (1) the first ORF is a 
part of the 5' hairpm and (2) three cf the remaining tour 
ORFs are overlapping. A deletio'^ in ORFI (R21 resulted 
w) a moderate increase in OA"* activity whicn ^ay be 
3xp amed by disruption cf the inhibitory eleme.'^t at the 



5' terminus, nem.oval o' 35 n^cect^des Tc^c ^g t^e 
secona ALG lR3) resulted ;n a fou^oic :-c^ease .n CA" 
activity. Subsequent deletion c^ the re'^^am ng ORrs 
{R4-R6) d;d not change CAT activity. Deletion cf AUG 
cccon n tne ';fth ORF ;R7) results in a 2.5-'clc :-.c'eas5 
T CAT activir/. These data suggest tnat tns upst-eam 
ORFs may function as negative modulators cf trans. a- 
ticn This 13 consistent witn the nbosome scanning hy- 
Dothesis that has been reported to be ooerative fcr the 
majonty of cellular and vL'-al mRNAs (<ozak. ' 933, 
19S9). 

We have mapoed three putative cont^ci elements in 
the 5' UTR of HCV-l RNA. However, the fact that the 
full-^ength HCV-l RNA ^3 translationally inactive raises 
a question as tc how HCV initiates potyprote n synthe- 
sis -pen infection. In the acsence or experimental evi- 
dence from a cell culture system, one can consider 
several possibilities. Perhaps HCV infection primes ini- 
tial translation by vira' ccmponent(s). This could either 
be an HCV-enccded factor(s) which derecresses the 
translational inhibition imposed by the 5' repressor ele- 
ment in the genomic RNA or an as yet unidentified c/s- 
acting e!em.ent(s) elsewhere m its genpme down- 
stream f^om polyprotein initiation cooon, whicn al-'ows 
-nternal initiation. However, in view of the arr3ngem,ent 
cf the rep-^essor element at the 5' end and two putative 
c/s-acting elements within the 5' UTR of HCV. we pro- 
pose that active mRNA is present in infectea cells as a 
separate entity. Previously, we reported the"cetection 
of both 5' and 3^ subgenomic RNAs (Han er a/., 1 991). 
Although the biological significance of these RNAs has 
net been established, we believe that the 5' subgeno- 
mic RNA could possicly be a viral mRNA based on the 
fact that a CAT RNA having the 5' leacer of this RNA is 
iranslaticnally active. Currently, the origin of this 5' 
subgenomic RNA is unknown. One possibility is that it 
could be transcribed from a specific promoter element 
within the 5' leader by RNA dependent RNA polymer- 
ase, fo,'' example, as described in Sindbis virus (Strauss 
and Strauss, i986). 

We speculate thatyira! protei"^ synthesis m infected 
cells may be regu'atsd at two or more levels, including 
mRNA production and control at the level of transla- 
tion, HCV is believed to exist at low titer m c'lmcai sam- 
ples. However, HCV infection is persistent ana leaas to 
chronic hepatitis and hepatocellular carcinoma at un- 
usually high frequencies (Dienstag and Alter. 1986; 
Hcughton era/., i99T). We hypothesize that virsi repli- 
cation and translat'on control ooeratmg at various lev- 
els witnin the 5' leads'- of HCV may be a genetic mecha- 
msm, n conjunction with a possible immunologic 
mecnanism (Wemer er di.. 1992) for the observed 
patncbiology cf vrg! infecticn. Our findings of transls- 
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Hepatitis C vims (HCV) is a msgor worldwide cause of 
acute and chronic hepatitis, cirrhosis, and hepatocellu- 
lar carcinoma. The development of vaccines against 
HCV have been complicated by the high variability of 
the envelope region, and it is likely that the cellular im- 
mune responses to viral structxiral proteins may be im- 
portant for eradicating persistent viral infection. Re- 
cently, it was reported that the injection into muscle 
cells of plasmids encoding viral genes resulted in the 
generation of strong cellular immune responses. We con- 
structed vectors that express the highly conserved HCV 
core gene. In this regard, the pHCV 2-2 construct con- 
tained the entire HCV core region and pHCV 4-2 con- 
tained both the 5' noncoding region and the core gene. 
Cellular expression of HCV core protein was assessed 
following transfection into human and murine cell lines, 
and higher intracellular levels of the 21-kd core protein 
were observed with pHCV 2-2. These HCV core DNA con- 
structs were used to immunize BALB/c mice and pro- 
duced low-level anti-HCV core humoral immune re- 
sponses. To assess cytotoxic T-lymphocyte (CTL) activity 
generated in vivo, a cloned syngeneic SPjj/O myeloma 
cell line constitutively expressing HCV core protein was 
established and inoculated into BALB/c mice to produce 
growth of plasmacytomas. Strong CTL activity was gen- 
erated because the tumor size and - eight in pHCV 2-2- 
immunized mice were remarkably reduced compared 
with mice injected with mock DNA- Spontaneous CTL 
activity was also exhibited by splenocytes in an in vitro 
cytotoxicity assay. These investigations demonstrate 
that plasmid constructs expressing HCV core protein 
generate strong CTL activity, as assessed both in vivo 
and in vitro, and are promising candidates as antiviral 
agents. (Hepatology 1996;24:14-20.) 

Hepatitis C virus (HCV) is a positive-strand RNA virus 
with a linear genome of about 9,500 bases. Different isolates 
show considerable nucleotide sequence diversity, leading to 
the subdivision of HCV genomes in at least six genotypes.' 
In all genotypes, the viral RNA contains a large, open reading 
frame that encodes a polyprotein precursor of 3010 to 3033 
amino acids. "'^ This precursor is cleaved by cellular and viral 
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proteinases to give rise to the core, envelope (EL E2). and 
nonstructural protems (NS2-NS5). '^ The coding sequence of 
the RNA genome is preceded by a 5' noncoding region of 324 
to 341 nucleotides, which is highly conserved among all 
strains of HCV. This noncoding region forms an extensive 
and stable secondary structure, and serves as an internal 
ribosomal entry site — essential for efficient cap-independent 
viral translation — and probably is also necessary for HCV 
replication. ^^'^^ 

HCV is a major causative agent of posttransfusion hepati- 
tis. More than 50*^^ of acutely infected individuals progress 
to a chronic carrier state that frequently results in cirrhosis.^*" 
In addition, HCV infection is an independent risk factor for 
the development of hepatocellular carcinoma, as shown by 
the prevalence of anti-HCV antibodies. ^^ '■^'^ Currently, there 
is no universal, highly effective therapy of chronic HCV infec- 
tion. In several studies, it has been shown that the response 
rate of chronic HCV infection to interferon alfa treatment 
was as low as 15 to 259c.'^^ Other antiviral nucleoside analogs 
have been shown to be only marginally effective^^ and may 
be associated with considerable side effects. Therefore, the 
development of alternative approaches is of major clinical 
importance. 

There is a need to develop new antiviral agents in an at- 
tempt to eradicate persistent HCV infection from the liver. 
In this regard, direct injection of DNA into animals is a novel 
and promising method for delivering specific antigens for im- 
munization. ^^'^^'^^ This approach has been successfully used 
to generate protective immunity against influenza virus in 
mice and chickens, against bovine herpes virus 1 in mice and 
cattle, and against rabies virus in mice.^' In most cases, 
strong, yet highly variable, antibody and cytotoxic T-lympho- 
cyte (CTL) responses were associated with control of infec- 
tion. Indeed, the potential to generate long-lasting memory 
CTL without using a live vector makes this approach particu- 
larly attractive compared with those involving killed-virus 
vaccines and subunit vaccines. This direct DNA-based gene- 
therapeutic approach has shown great utility for generating 
a CTL response that not only protects against acute infection 
but also may have benefits in eradicating persistent viral 
infection,^"^^^'^^'^*^ of which HCV is an important human proto- 
type. Because the HCV core gene is highly conserved among 
the various genotypes, we explored its use in a polynucleo- 
tide-based vaccine strategy to generate a CTL response in 
the host. 

MATERIALS AND METHODS 

Plasmids and Cell Lines. A complementarv' DNA encoding the 
HCV core gene was isolated from an anti-HCV- positive individual 
as described by Wakita et al.^'' This complementary DNA fragment 
was inserted into a plasmid expression vector containing a rous sar- 
coma virus enhancer element and driven by a c\i:omegalo\nrus pro- 
moter. As shown in Fig. lA. one construct, designated pHCV 2-2, 
contains the entire HCV core gene, and the other, pHCV 4-2. contains 
the HCV core coding, as well as the 5' noncoding region. The con- 
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Fig. I. Intracellular expression 
of the 21-kd HCV core protein. (A) 
Cartoon of the HCV core expression 
vector pHCV 2-2 that contains the en- 
tire HCV core gene, and pHCV 4-2 
that has both the 5' noncodmg region 
and core coding region. (B) Western 
blot analysis demonstrates HCV core 
gene expression m HuH-7 human he- 
patocellular carcinoma cells and hu- 
man (RDj and mouse iG8) muscle cell 
lines, (C) Transfection efliciency as 
measured by expression of /5-galac- 
tosidase after cotransfection with 
HCV core DNA vaccine constructs at 
a 4: 1 ratio of pHCV 2-2 or 4-2 to pSV- 
Pgal 
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structs were grown in DHSor cells, and plasmid DNA was purified 
by CsCl gradient ultracentrifugation as descnbed.^^ 

To assess intracellular levels of HCV core protein following tran- 
sient transfection of plasmid constructs, HuH-7 cells, a human hepa- 
toma cell line, RD cells, a human rhabdomyosarcoma cell line, and 
G8 cells, a mouse myoblast cell line, were employed. The SP2/O syn- 
geneic BALB/c mouse myeloma-derived cell line was used to generate 
target cells to measure CTL activity both in vivo and in vitro.^^ All 
cell lines were obtained from the American Tissue Culture Collection 
(RockviUe, MD). 

In Vitro Studies. The two HCV core DNA constructs were 
transfected into HuH-7, RD, and G8 cells by the calcium phosphate 
precipitation method.**^ Two days after transfection, cells were ana- 
lyzed for 21-kd core protein expression by Western blot analysis. /3- 
Galactosidase assays were performed following a standard protocol 
(Promega protocols and applications guide, 2nd ed., 1991, Promega 
Corp., Madison, WI), which were used to normalize Western blots 
for transfection efficiency. In brief, cell lysates were prepared in 
RIPA buffer (0.15 mol/L NaCl, 1% NP-40, 50 mmol/L Tris, O.S^c 
deoxycholate, and 19r sodium dodecyl sulfate), separated by 15^c 
sodium dodecyl sulfate polyacrylamide gel electrophoresis, and elec- 
trotransferred onto Immobilon-P membranes (Millipore, Bedford, 
MA). After blocking with 3*7?- nonfat dry milk, membranes were incu- 
bated with a previously developed anti-HCV core monoclonal anti- 
body, designated CT-SOA,"^ foJlowed by detection with a ^''^I-labeled 
goat anti-mouse polyclonal aijtibody (Dupont, New England Nuclear, 
Billerica, MA). In addition, ilfcrfTuno fluoresce nee staining was per- 
formed to determine the cellijBRocalization of the HCV core protein 
as described previously.*^ 

Plasmid DNA Immunization. Pathogen-free BALB/c female mice, 
aged 6 to 8 weeks, were purchased from Charles River Breeding 
Laboratory (Boston, MA) and used for all in vivo studies. To enhance 
muscle cell uptake of plasmid DNA, the quadriceps were injected 
first, at multiple sites with a total of 100 ^L of 0.25% bupivacaine. 
Twenty-four hours after bupivacaine administration. 100 /ig of plas- 
mid DNA was injected into the same region at multiple sites. There- 
after, plasmid DNA constructs were injected ever>' 2 weeks for a 
total of four intramuscular immunizations. Immunizations with re- 
combinant HCV^ core-glutathione S-transferase fusion protein ( 1 
Ijg)*^ was performed subcutaneously in complete Freund's adjuvant. 



BALB/c mice were inoculated every 2 weeks for a total of four immu- 
nizations. 

Antibody Assays for HCV Core Antigen. To measure HC^V core anti- 
bodies in serum of immunized mice, the following assay was devel- 
oped and employed. In bnef, a HCV core-GST fusion protein (0.5 ^/g 
per well) was used to coat microtiter plates (Falcon, Microtest IIIM 
Flexible Assay Plate, Pittsburgh, PA). Plates were incubated over- 
night at 4''C. Afler blocking with 3% bovine serum albumin in phos- 
phate-buffered saline for 2 hours at 20°C, mouse serum diluted 100- 
fold was added to the plates and incubated at 20°C for an additional 
2 hours. After washing with phosphate-buffered saline containing 
0.05% Tween, 1 x 10^ cpm of ^"^I-labeled goat anti-mouse immuno- 
globulins G and M was added. Following a 1-hour incubation, plates 
were washed, and radioactivity bound to the plate was determined 
in a gamma well counter. 

Cytotoxic T Lymphocyte Activity. To assess CTL activity in BALB/ 
c mice, a clonal syngeneic SP^/O myeloma target cell line was estab- 
lished by stable transfection v,ith a HCV core expression construct; 
this vector was driven by the elongation l-a promoter.*^ Stable 
transfectants were selected in G418-containing medium After clon- 
ing by limiting dilution, several SP2/O cell lines expressing the HCV^ 
core protein were established. The presence of HCV core protein was 
demonstrated by immunofluorescent staining and by using the C7- 
50 monoclonal antibody. One week after the final immunization with 
plasmid DNA, 1 < 10' SP2/O cells expressing the HCV core protein 
or native SP2/O cells were inoculated intrapentoneally and subcuta- 
neously into the nght and left flank of the mouse. The tumor size 
and weight, as well as animal survival, were evaluated as an in vivo 
index of CTL activity generated by immunization with tht* various 
plasmid DNA constructs. 

For in vitro studies, CTL activity was measured 1 week following 
SP2/O myeloma cell inoculation. Mice were killed and a suspension 
of spleen cells was prepared from each animal. It is important to 
emphasize that splenocvtes were not prestimulated with HCV core 
peptides or cells expressing HCV core peptides. Thus, this assay 
assesses spontaneous CTL activity present in the spleen of immu- 
nized mice. Native SP2'0 or SP2/O cells expressing HCV core antigen 
were labeled with 100 /jCi of '''Cr (.Ajnersham, Arlington Heights. 
IL) for 2 hours and washed three times with phosphate-buffered 
saline. CTL activity was determined in a standard 4-hour ^'Cr re- 
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lease assa>- using I'-hottom 96-vvell plates containing 1 x 10^ target 
cells per well. The percent specific release of '^Cr-labeled target cells 
was calculated using the following formula: *expenmental release - 
spontaneous release )/i total release - spontaneous release) x 100 
Maximum "'Cr release was determined by lysis of target cells with 
5^- Tnton X-lOO All assays were performed in triplicate. 

Statistical Analysis. To compare differences betw^een two groups, a 
Student's t test was used. P values < .05 were considered significant. 

RESULTS 

Intracellular expression of the 21-kd core protein following 
transfection with the pHCV 2-2 and pHCV 4-2 constructs 
was evaluated in HuH-7, RD, and G8 cells by Western blot 
analysis, as shown in Fig. IB. Transfection efficiency was 
assessed by cotransfection with a ^-galactosidase-express- 
ing plasraid (Fig. IC). It was surprising that pHCV 2-2 *Fig. 
IB), which contains only the core gene, consistently gave 
higher intracellular levels of the 21-kd core protein as ex- 
pressed in HuH-7, RD, and G8 cells compared with pHCV 4- 
2. There was only a minor difference in transfection efficiency 
between mock DNA and the two HCV^-DNA constructs within 
the same cell line. Transfection efficiency was highest in 
HuH-7 cells, followed by the human (RD) and mouse (G8) 
muscle cell-derived cell lines. As shown in Fig. 2, core protein 
was found localized to the cytoplasm in cells transfected with 
the pHCV 2-2 construct. There was no secretion of HCV core 
protein into the culture supernatant as measured by a two- 
site monoclonal antibody-based immunoassay."*^ 

The anti-HCV core humoral immune response to the vari- 
ous DNA constructs w^as assessed by measurement of anti- 
bodies in serum of mice following four intramuscular immu- 
nizations of 100 fig plasmid DNA. As shown in Fig. 3, pHCV 
2-2 -immunized mice demonstrated a 40% serocoversion 
rate, whereas only 20% of the mice immunized with pHCV 
4-2 developed anti-HCV core antibodies. As a positive control, 
we compared the anti-HCV core antibody response in mice 
(n = 5) receiving four injections of recombinant HCV core- 
GST fusion protein (5 fxg), and found that all animals serocon- 
verted and that the anti-HCV core titers were considerably 
higher than in mice immunized with HCV core DNA con- 
structs (data not shown). 

To assess CTL activity in vivo, a mouse tumor model was 
established. As shown in Fig. 4A and B, syngeneic BALB/c- 
derived SP2/O myeloma cells were stably transfected with a 
plasmid construct expressing the HCV core, as well as part 
of the envelope genes under the control of the elongation 
factor 1-a promoter. Such cells will express and present en- 
dogenously processed HCV core peptides in the context of 
major histocompatibility complex class I molecules on the cell 
surface to the immune system. A Western blot of the clonal 
SP2/O cell line constitutively expressing the 21-kd HCV core 
protein is shown in Fig. 4B. Mice injected with this cell line 
will rapidly develop large plasmacytoma tumors. To maxi- 
mally "challenge" the level of CTL activity, mice were inocu- 
lated with a large tumor (1 > 10' SP.>/0 myeloma cells) bur- 
den into multiple sites, as illustrated in Fig. 4C. The 
experimental design* involved four inoculations of either 100 
^g mock DNA, pHCV or pHCV 4-2 every 2 weeks, fol- 
lowed by a tumor cell onallenge 1 week after the fourth and 
last injection. In this model system, if CTL activity is gener- 
ated, there will be inhibition of tumor growth and increased 
animal survival rate."*^ Table 1 illustrates the tumor size 1 
and 2 weeks after inoculation of 1 >: 10' SP2/O HCV core 
protein expressing myeloma cells in nonvaccinated mice com- 
pared with animals receiving the plasmid DNA (mock), pHCV 
2-2, and pHCV 4-2 constructs. At 1 week, all mock DNA- 
immunized mice developed plasmacytomas at all injection 
sites. In the pHCV 2-2- or pHCV 4-2~inoculated mice, tu- 
mors were found at only 40% and 65% of the injection sites, 
respectively. Two weeks after challenge with this large SP2/O 
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Fig. 2. Immunofluorescent studies of HCV core protein expression as de- 
tected by the C7-50 monoclonal antibody. Note the intense c>'toplasmic staining 
of HCV core protein in (A) HuH-7 cells, ( RD cells, and tC ) G8 cells transiently 
transfected with the pHCV^ 2-2 construct 



myeloma cell burden, the mean tumor size was significantly 
reduced only in the pHCV 2-2-vaccinated mice. Table 2 dem- 
onstrates that the protective effects were specific, because 
native SP2/O cells (without HCV core peptide expression) 
grew rapidly and equally well in all vaccinated mice. 

Further support for generation of CTL activity is illus- 
trated by the data presented in Fig. 5 with respect to overall 
tumor burden (weight) produced at the subcutaneous and 
intraperitoneal injection sites. Tumor weight was assessed 
16 to 18 days after injection of 1 x 10' SP./O-HCV core 
myeloma cells. There was a significant reduction in tumor 
burden in animals vaccinated with pHCV 2-2. Finally, Fig. 
6A shows representative examples of tumors in mice 2 weeks 
after inoculation with 1 x 10' SPj O-HCV core expressing 
cells. In Fig. 6A, mice immunized with mock DNA (right) are 
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Fig. 3. Humoral immune response following four inoculations with 100 /ig 
of either mock DNA construct or a pHCV 2-2 or pHCV 4-2, as measured by 
anti-HCV core binding activity in serum. Serum from 10 mice in each group 
was tested, and a positive result was defined as a value greater than the mean 
z 2SD of the mock DNA-immunized control group. 



compared with those vaccinated with pHCV 2-2 (left). Fi- 
nally, as shown in Fig. 6B, survival rate was enhanced in 
mice immunized with pHCV 2-2 compared with pHCV 4-2 
and mock DNA constructs. 

To confirm the generation of CTL activity in vivo, experi- 
ments were performed with splenocytes in vitro. The assay 
measures spontaneous CTL activity because there was no prior 
stimulation of cells by HCV peptides. Figure 7 illustrates the 
CTL activity exhibited by splenocytes derived from mock 
DNA-, pHCV 2-2-, and pHCV 4-2-immunized mice at ef- 



Table 1. Tumor Size After Challenge With SP*0 Cells Expressing 
HCV Core Antigen in Nonimmunized (normall or Mice Receiving 
Intramuscular Injections of Mock DNA, pHCV 2-2, 
and pHCV 4-2 Constructs 

Tumor Size 
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DNA 
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mm 
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mean r SD 


Normal 
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1 
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22.50 n 7 49* 


Mock 
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5 
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0 




7 33 - 2 36*t 


(n = 3) 


0 


0 


0 
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2 


18,33 z 7.21 



NOTE. The first set of data represent fmdmgs at 1 week after tumor injec- 
tion; the second set represent findings at 2 weeks after tumor injection. 
Abbreviation: r-HCV, recombinant HCV core-GST fusion protein. 
* P < .0001, pHCV 2-2 vs. other groups. 

t P < .05, ±P < 01, § P < ,05, ' P < 01, pHCV 4-2 vs. other groups 



fector/target ratios of 50:1 and 100:1 against SP2/O HCV core 
expressing cells compared with native SP2/O target cells. It is 
noteworthy that splenocytes derived from pHCV 2-2 and pHCV 
4-2 -immunized mice specifically killed only the core antigen- 
expressing SP2/O cells. We found that pHCV 2-2 was more 
effective in generating CTL activity than the pHCV 4-2 con- 
struct. 

DISCUSSION 

The high mutational rate of the HCV genome may be re- 
lated to the establishment of persistent viral infection and 
subsequent disease chronicity.^^*^'*^ The cellular immune 
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P'lG 4. Cartoon of the expenmen- 
tal design to assess CTL activity gen- 
erated by the vanous vacnne con- 
structs in iivo. lAi Expression vector 
used to establish stable HCV core- 
producing SP;; O myeloma cell lines 
I B ) A clonal SP2/O cell line expressing 
the 21-kd core protein analyzed h\ 
Western blot analysis (C ) Immumza 
tion schedule and production of plas 
macytomas at vanous injection sites 
r-HCV, recombinant HCV core-GST 
fusion protein. 
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T.\BLE 2. Tumor Size 1 Week Following Injection 
of Native SP^O Cells 
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Abbreviation: r-HC\', recombinant HCV core-GST fusion protein. 
' There was no stgnificant difference between the three groups 



events involved in liver damage and viral clearance during 
HCV infection have only partially been defined. In an attempt 
to examine a potential pathogenic role of liver-infiltrating 
lymphocytes in patients with chronic HCV infection, Koziel 
et al. examined the CTL response of such cells and demon- 
strated a HLA class I-restricted CDS' T-lymphocyte (CTL) 
response that was directed against both structural and non- 
structural regions of HCV polypeptides.^' Other investiga- 
tors have also noted the existence of CTLs in peripheral blood 
mononuclear cell populations that recognize epitopes on core 
and the other viral-related proteins during chronic HCV in- 
fection. '^^^ Botarelli et al.'^ and Ferran et al.'^ found HLA 
class II -restricted CD4^ T-cell- mediated proliferative re- 
sponses to several recombinant proteins derived from differ- 
ent regions of HCV in patients with chronic HCV infection. 
It is noteworthy that there was a correlation between T-cell 
responses to HCV core protein and a clinically benign course 
of the liver disease, as well as subsequent eradication of the 
virus. However, a similar study by Schupper et al.^^ showed 
that the proliferative response to HCV core protein did not 
predict a benign clinical course with respect to the severity 
of the liver disease. 

We have recently studied peripheral blood mononuclear 
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Fig. 6. Effect of immunization on the growth of SP^/O myeloma cells as 
an index of CTL activity (Aj Representative examples of tumor growth at 15 
days m three mice immunized with pHCV 2-2 (left) compared with mock DNA 
^nght). Note the large size of the tumors (arrows). (B) Survival rate of the 
vaccinated mice. Note that all mice tn = lOj immunized with pHCV 2-2 sur- 
vived dunng the observation period, whereas all mock DNA -immunized con- 
trols (n - 10) died by 21 days. 



cell responses to a recombinant GST-HCV core fusion protein 
by evaluating the ability of such cells to produce interferon 
gamma, correlations were made to different clinical outcomes 
of HCV infection. ■'■^ Individuals who had received interferon 
alfa treatment and went into clinical and virological emission 
had a higher response rate ( 75^r,P < .05) to HCV core protein 
compared w^ith those with ongoing hepatitis who failed ther- 
apy (31%). These clinical observations suggested to us that 
if one could augment the host cellular immune response to 
HCV core antigenic determinants, then it may be possible to 
enhance viral clearance during persistent infection. 

In this respect, two HCV core DNA constructs were stud- 
ied. The pHCV 4-2 w^as investigated, because the 5' noncod- 
ing region is highly conserved among genotypes and contains 
two internal ribosomal entry sites believed important in the 
replicative life cycle of the virus. ^'^-^^ However, the results 
suggest that the cap-dependent translation may be more ef- 
fective than internal ribosomal entry regarding translation 
and expression of the HCV core protein in muscle cells and 
cell lines. Indeed, we are led to believe that the superior 
humoral and cellular immune response induced by pHCV 2- 
2 is a reflection of the higher intracellular levels of the 21- 
kd HCV core protein achieved with this construct. Lagging 
et al."^** demonstrated that a HCV core DNA vaccine construct 
led to the generation of high serum levels of anti-HCV core 
antibodies in BALB/c mice. These results differ considerably 
from the findings presented here, because our HCV core DNA 
constructs produced only weak anti-HCV core antibody re- 
sponses. Lagging et al. employed crude cell extracts of BALB/ 
c 3T3 cells expressing HCV core protein as an antigen source 
in their assay system, and the differences between the two 
studies could be explained on this basis. 

Relevant to this issue of polynucleotide-based induction of 
cellular and humoral immune responses to viral nucleocapsid 
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proteins are the findings with the nucleoprotein of the 
lymphocytic choriomeningitis virus. Like HCV core, the nu- 
cleoprotein of lymphocytic choriomeningitis virus was not se- 
creted when expressed in cells from a transfected plasmid 
DNA construct. Yokoyama et al.^^ and Martin et al;^^ have 
reported that a plasmid-based DNA vaccine construct com- 
prised of lymphocytic choriomeningitis virus nucleoprotein 
induced weak or no humoral immunity in mice following in- 
jection into muscle cells, presumably because such cells nei- 
ther express major histocompatibility complex class II anti- 
gens nor stimulate CD4" helper T and B cells by secretion 
from the cell. It is likely that only a small fraction of plasmid 
DNA is taken up and expressed by antigen-presenting cells 
residing in and around muscle tissue. Therefore, it is reason- 
able to postulate that the humoral immune response induced 
by HCV core DNA immunization was weak because of the 
fact that the core protein is not secreted from the cell to be 
processed by antigen-presenting cells. 

The recent study by Lagging et al.^"* also demonstrated that 
a HCV core DNA vaccine construct generated CTL activity 
against HCV core epitopes in vitro. However, in this study, 
it was necessary to use spleen cells derived from immunized 
mice that were previously stimulated by cells infected with 
vaccina virus encoding the HCV core gene to demonstrate 
such CTL activity. We found that the pHCV 2-2 construct 
generated substantial CTL activity in all mice immunized 
with this construct, because tumor cell growth was inhibited 
and the animal survival rate was improved. Thus, CTL activ- 
ity was highly operative in vivo against tumor cells in this 
animal model system. Furthermore, spontaneous CTL activ- 
ity was observed in vitro as well, because SP2/O cells express- 
ing HCV core epitope were specifically killed by splenocytes 
derived from HCV core-immunized mice. Regarding the 
comparison betw^een pHCV 2-2 and 4-2 constructs, pHCV 2- 
2 was more effective in generating CTL activity than pHCV 
4-2. It is reasonable to po^iUate that the large amount of core, 
protein produced intrace^ilarly by the pHCV 2-2 construct 
induced CTL more easilv than the smaller amount produced 
by pHCV 4-2. 

It was of interest to determine whether the HCV-DNA con- 
structs would improve the survival rate of mice after tumor 
challenge. In the mock DNA-immunized normal mice, all 
died by 21 days after tumor injection (mean survival, 18 
days). In contrast, all mice immunized with pHCV 2-2 sur- 
vived over the observ^ation penod, suggesting that CTL activ- 
ity was present in all pHCV^ 2-2-immunized animals. Previ- 
ous studies have also demonstrated that DNA-based 
immunization may improve animal sur\'ival rate in a tumor 



model. For example, Wang et al."*** reported that, in human 
immunodeficiency virus- DNA- immunized mice, at 16 
weeks, 90*^ were completely protected against tumor forma- 
tion induced by SP2/O cells expressing the gpl60 protein of 
human immunodeficiency virus. In our studies, the tumors 
derived from the pHCV 2-2 -immunized mice were small and 
grew slowly, but eventually developed in all HCV core -vacci- 
nated animals. One difference may possibly be caused by the 
tumor load. Wang et al. challenged mice with 3 >: 10^ SP2/O 
cells, but, in the present investigation, we used 1 :< 10^ SP2/ 
O cells. 

Our studies suggest that strong CTL activity may be gener- 
ated to a nonsecreted HCV core protein both in vitro and in 
vivo, and that the pHCV 2-2 construct is a promising antiviral 
agent to test as a therapeutic agent during persistent HCV 
infection. Finally, polynucleotide vaccination with such a 
DNA construct may also have value as an immunization ap- 
proach for prevention of acute HCV infection as well. 

REFERENCES 

1. Simmonds P. Holmes EC, Cha TA, Chan SW, McOmish F. [rvine B, Beall 
E, et al. Classification of hepatitis C virus into sue major genotypes and a 
series of subtypes by phylogenic analysis of the NS5 re^on J Gen Virol 
1993;74:2391-2399. 

2. Choc QL. Richman KH. Han JH, Berger Lee C, Dong C, Gallegos C, et 
al. Genetic organization and diversity of the hepatitis C virus. Proc Natl 
Acad Sci U S A 1991;88:2451-2455. 

3. Inchauspe G, Zebedee S, Lee DH, Sugitani M, Nasoff M, Pnnce AM Geno- 
mic structure of the human prototype strain H or hepatitis C virus: com- 
parison with American and Japanese isolates. Proc Natl Acad Sci USA 
1991:88:10292-10296. 

4. Kato N, Hijikata M, Ootsuyama Y. Nakagawa M, Ohkoshi S. Sugimura 
T, Shimotohno K. Molecular cloning of the human hepatitis C virus genome 
from Japanese patients with non-A, non-B hepatitis Proc Natl Acad Sci 
USA 1990;87:9524-9528. 

5. Okamoto H, Okada S, Sugiyama Y, Kurai lizuka H. Machida A. Miya- 
kawa Y, et al. Nucleotide sequence of the genomic RNA of hepatitis C 
virus isolated from a human earner: companson with reported isolates 
for conserved and divergent regions. J Gen Virol 1991:72:2697-2704. 

6 Takamizawa A. Mon C, Fuke I, Manabe S, Murakami S, Fujita J, Onishi 
E, et al. Structure and organization of the hepatitis C virus genome iso- 
lated from human carriers. J ViroI 1991;65:1105-1113 

7. Bartensch lager R, Ahlbom-Laake L. Mous J, Jacobsen H Nonstructural 
protein 3 of the hepatitis C virus encodes a senne-type proteinase required 
for cleavage at the NS3/4 and NS4, 5 junctions. J v'lrol 1993;67:3835-3844 

8. Grakoui A. Wychowski C, Lin C, Feinstone SM, Rice C. F>xpression and 
identification of hepatitis C virus polyprotein. J \'irol 1993.67 1385-1395 

9 Selby MJ, Cho<i QL. Berger K. Kuo G. Glazer F. Eckart M. Lee C. et 
al Expression, identification and subcellular localization of the proteins 
encoded by the hepatitis C sira! genome, J Gen \'irol 1993, 74 1 103-1 113 
10. Han JH, Shyamala V, Richmann KH, Brauer MJ, lr\ine B. Urdea MS. 
Tekamp-Oisen P, et al. Characterization of the terminal regions of hepati- 
tis C viral RNA: identification of consen-ed sequences m the 5' untrans- 
lated region and polytAi tails at the 3' end. Proc Natl Acad Sci U S A 
1991,88 1711-1715 



20 TOKUSHIGE ET AL 



11 Bukh J, Purcell RH, Miller RH. Sequence analysis of the 5' non-cuding 
region of hepatitis C vtfus Proc Natl Acad Sci USA 1992, 89 4942-4946. 

12 Brown EA, Zhang H, Ping LH. Lemon SM Secondary' structure of the 5' 
non-translated regions of hepatitis C vnrus and pestivTrus genomic RNAs, 
Nucleic Acids Res 1992;20 5041-5045 

13 Tsukiyama-Kohara K, lizuka N, Kohara M, Nomoto A Internal nbosome 
entry site wuhin hepatitis C virus RNA. J Virol 1992;66:1476-1483. 

14 Wakita T, Wands, JR Specific inhibition of hepatitis C virus expression 
by antisense oligodeoxynucleotides. J Biol Chem 1994;269:14205-14210. 

15, Wang C, Sarnow P, Siddiqui A. Translation of human hepatitis C virus 
RNA in cultured cells is mediated by an internal ribosome-binding mecha- 
nism. J Virol 1993a;67:3338-3344. 

16 Alter MJ, MargoUs HS, Krawczynski K. Judson FN, Mares A, Alexander 
WJ, Hu PY, et al. The natural histor> of community-acquired hepatitis C 
in the United States. N Engl J Med 1992;327:1899-1905. 

17. Colombo M. Kuo G, Choo QL, Donate MF, Del Ninno E, Tommasini MA, 
Dioguardi N, et al. Prevalence of antibodies to hepatitis C virus in Italian 
patients with hepatocellular carcinoma. Lancet 1989;ii:1006-1008, 

18. Saito I, Miyamura T, Ohbayashi A, Harada H, Katayama T, Kikuchi S, 
Watanabe Y, et al. Hepatitis C virus infection is associated with the devel- 
opment of hepatocellular carcinoma. Proc Natl Acad Sci USA 1990; 87: 
6547-6549, 

19. Simonetti RG. Camma C, Fiorello F, Cottone M. Rapicetta M, Manno 
L, Fiorentino G, et al. Hepatitis C virus infection as a nsk factor for 
hepatocellular carcinoma in patients with cirrhosis. Ann Intern Med 1992; 
116:97-102 

20. Tsukuma H, Kawashima T, Risk factors for hepatocellular carcinoma 
among patients which chronic liver disease, N Engl J Med 1993;328:1797- 
1801. 

21. Davis GL. Interferon treatment of chronic hepatitis C. Am J Med 1994; 
96:415-468. 

22. Di Bisceglie AM, Shindo M, Feng TL, Fried MW, Swain MG, Bergasa MV, 
Axiotis CA, et al. A pilot study of ribavirin therapy for chronic hepatitis 
C Hepatology 1992;16:649-654. 

23. Barry MA, Barry ME, Johnston SA. Production of monoclonal antibodies 
by genetic immunization. Biotechniques 1994;16:616-619. 

24. Davis HL, Michel ML, Whalen RG. DNA-based immunization induces 
continuous secretion of hepatitis B surface antigen and high levels of circu- 
lating antibody. Hum Mol Genet 1993;11:1847-1851. 

25. Tang DC, DeVit M, Johnston SA. Genetic immunization is a simple method 
for eliciting an immune response. Nature 1992;356:152-154. 

26. Wolff JA, Malone RW, Williams P, Chong W, Acsadi G, Jam A, Feigner 
PL. Direct gene transfer into mouse muscle in vivo. Science 1990,247: 
1465-1468. 

27. Cox GJM, Zamb TJ, Babiuk LA. Bovine herpesvirus 1; immune responses 
in mice and cattle injected with plasmid DNA. J Virol 1993;67:5664-5667. 

28. Fynan EF, Robinson HL, Webster RG. Use of DNA encoding influenza 
hemagglutinin as an avian influenza vaccine. DNA Cell Biol 1993; 12 785- 

789. 

29. Fynan EF, Webster RG, Fuller DH, Haynes JR, Santoro JC. Robinson HL. 
DNA vaccines: protective immunizations by parenteral, mucosal and gene- 
gun inoculations. Proc Natl Acad Sci U S A 1993;90:11478-11482. 

30. Ulmer JB, Donnelly JJ, Parker SE, Rhodes GH, Feigner PL, Dwarki VJ, 
Gromkowski SH, et al. Heterologous protection against influenza by infec- 
tion of DNA encoding a viral protein. Science 1993;259:1745-1749. 

31. Xiang ZQ, Spitalnik S, Tran M, Wunner WH, Cheng J, Ertl HCJ. Vaccina- 
tion with a plasmid vector carrying the rabies virus glycoprotein gene 
induces protective immunity against rabies virus. Virology 1994; 199.132- 
140. 

32. Wolff JA, Ludtke JJ, Acsadi G, Williams P, Jani A. Long-term persistence 
of plasmid DNA and foreign gene expression in mouse muscle. Hum Mol 
Genet 1992;1:363-369. 

33. Manthorpe M, Come fert -Jensen F, Hartikka J, Feigner J, Rundell A, Mar- 
galith M, Dwarki V. Gene therapy by intramuscular injection of plasmid 
DNA; studies on firefly luciferase gene expression in mice. Hum Gene 
Ther 1993;4:419-431. 

34. Yankauckas NL\, Morrow JE, Parker SE. Abai A, Rhodes GH, Dwarki 
VJ, Gromkowski SH. Long-term anti-nucleoprotein cellular and humoral 
immunity is induced ^jy intramuscular injection of plasmid DNA con- 
taining NP gene. DNA CeU Biol 1993; 12:777-783. 

35. Montgomery DL, Shiver JMfrLeander KR. Perry HC, Friedman A, Marti- 
nez D, Ulmer JB, et al. H^refologous and homologous protection against 



influenza A bv DNA vaccinatum: optimization of DNA vecturs DN.a Oil 
Biol 1993,12:777-783. 

36. Martin LP, Lau L, Asano M, Ahmed R, DNA vaccination against persistent 
viral infection J Virol 1995,69:2574-2582 

37. Wang B. Ugen KE, Snkantan V, Agadjanyan MG, Dang K. Refaeli Y. Sato 
Al, et al Gene inoculation generates immune responses against human 
immunodeficiency virus type I, Proc Natl Acad Sci U S A 1993b: 90:4156- 
4160, 

38, Wang B, Boyer J. Snkantan V, Coney L, Carrano R, Phan C, Mer^a M. 
et al, DNA inoculation induces neutralizing immune responses against 
human immunodeficiency virus type 1 in mice and nonhuman pnmates 
DNA Cell Biol 1993c; 12:799-805,^ 

39, Williams W\', Boyer JD, Men^a M, Livolsi V, Wilson D, Wang B. Werner 
DB Genetic infection induces protective in vnvo immune responses DNA 
Cell Biol 1993;12:675-683. 

40 Chen C, Okayama H, High efficiency transformation of mammalian cells 
by plasmid DNA. Mol Cell Biol 1987;7:2745-2752 

41. Moradpour D, W^akita T, Tokushige K, Carlson RI, Krawczynski K, Wands. 
JR, Charactenzation of three novel monoclonal antibodies against hepati- 
tis C vnrus core protein. J Med Virol 1996;48:234-241, 

42. Iwata K, Wakita T, Okumura A, Yoshioka K, Takayanagi M, Wands JR, 
Kakumu S, Interferon gamma production by peripheral blood lymphocytes 
to hepatitis C virus core protein in chronic hepatitis C infection. Hep.mol 
GOV 1995;22:1057-1064, 

43. Kim DW, Harada T, Saito I, Miyamura T. An efficient expression vector 
for stable expression in human liver cells. Gene 1993,134:307-308 

44. Wang M, Merva M, Dang K, Ugen K, Boyer J. William W\ Werner DB 
DNA inoculation induces protection in vitro immune response ''against 
cellular challenge with HFV-l antigen-expressing cells. AIDS Res Hum 
Retroviruses 1994; 10(suppl 2):S35-S41. 

45. Weiner AJ, Geysen HM, Christopherson C, Hall JE, Mason TJ, Saracco 
G, Bonino F, et al. Evidence for immune selection of hepatitis C virus 
(HCV) putative envelope glycoprotein variants: potential role in chronic 
HCV infection. Proc Natl Acad Sci U S A 1992;89:3468-3472. 

46. Kato N, Ootsuyama Y, Ohkoshi S, Nakazawa T, Sekiya H, Hijikata M, 
Shimotohno K. Characterization of hypervariable regions in the putative 
envelope protein of hepatitis C virus. Biochem Biophys Res Commun 1992; 
189:119-127. 

47. Koziei MJ, Dudley D, Afdhal N, Choo QL, Houghton M, Ralston R. Walker 
BD. Hepatitis C virus (HCV)-specific cytotoxic T l>Tnphocytes recognize 
epitopes in the core and envelope proteins of HCV. J Virol 1993;67:7522- 
7532. 

48. Koziei MJ, Dudley D, Wong JT, Dienstag J, Houghton M, Ralston R, 
Walker BD. Intrahepatic cytotoxic T lymphocytes specific for hepatitis C 
virus in persons with chronic hepatitis. J Immunol 1992;149:3339-3344. 

49. Kita H, Moriyama T, Kaneko T, Harase I, Nomura M, Miura H, Nakamura 
I, et al. HLA B44 restricted cytotoxic T lymphocytes recognizing an epitope 
on hepatitis C virus nucieocapsid protein. Hepatology 1993; 18: 1039- 
1044. 

50. Cemy CA, McHutchinson JG, Pasquinelli C, Brown ME, Brothers MA, 
Grabscheid B, Fowler P, et al. Cytotoxic T lyTnphocyte response to hepatitis 
C virus-derived peptides containing the HLA A2.1 binding motif J Clin 
Invest 1995;95:521-530. 

51. Botarelli P, Brunette M, Minutello M, Calvo P, Unutmaz D, Weiner A, 
Choo QL, et al. T-lymphocyte response to hepatitis C virus in different 
clinical courses of infection. Gastroenterology 1993;104:580-587. 

52. Ferrari C, Valli A, Galati L, Penna A, Scaccaglia P. Giuberti T, Schianti 
C, et a!. T-cell response to structural and nonstructural hepatitis C virus 
antigens in persistent and self-limited hepatitis C virus infections. Hepa 
TOLOGY 1994; 19:286-295. 

53. Schupper H, Hayashi P, Scheffel J, Aceituno S, PagUeroni T, Holland PV, 
Zeldis JB. Peripheral -blood mononuclear cell responses to recombinant 
hepatitis C virus antigens in patients with chronic hepatitis C. Hepatol- 
ogy 1993;18:1055-1060. 

54. Lagging LM, Meyer K, Hoft D, Houghton M, Belshe RB, Ray R. Immune 
response to plasmid DNA encoding the hepatitis C virus core protein. J 
Virol 1995;69:5859-5863. 

55. Yokoyama M, Zhang J, Whitton JL. DNA immunization confers protection 
against lethal lymphocytic choriomeningitis virus infection. J Virol 1995; 
69:2684-2688. 

56. Major ME, Vitvitski L, Mink MA, Schleef M, Whalen RG, Trepo C, In- 
chauspe G. DNA-based immunization with chimeric vectors for the induc- 
tion of immune responses against the hepatitis C v^rus nucieocapsid. J 
Virol 1995;69:5798-5805. 



EXHIBIT C 



Genetic Immunization Generates Cellular and Humoral 
Immune Responses Against the Nonstructural Proteins of the 
Hepatitis C Virus in a Murine Model^ 

Jens Encke, Jasper zu Putlitz, Michael Geissler, and Jack R. Wands^ 

Exposure to hepatitis C virus (HCV) is associated with a high prevalence of persistent viral infection and the development of 
chronic liver disease and hepatocellular carcinoma. Recovery from acute infection may depend upon the generation of broad- 
based cellular immune responses to viral structural and nonstructural proteins. We used the DNA-based immunization approach 
in BALB/c mice to determine whether the HCV nonstructural proteins NS3, NS4, and NS5 will induce Ab responses, CD4^ Th 
cell proliferation, and cytokine release in response to stimulation by recombinant proteins as well as generate CDS'*' CTL activity 
both in vitro and in vivo. We found that the nonstructural proteins were particularly good immunogens and produced cellular 
immune responses when administered as a DNA construct. Indeed, a tumor model was established following inoculation of 
syngenic SP2/0 cells stably transfected with NS5. We observed protection against tumor formation and growth only in mice 
immunized with the NS5-encoding DNA construct, establishing the generation of significant CTL activity in vivo by this technique. 
The results indicate that genetic immunization may define the cellular immune response of the host to HCV nonstructural proteins 
and is a promising approach for vaccine development. The Journal of Immunology, 1998, 161: 4917-4923. 



Hepatitis C virus (HCV)^ is the major cause of posttrans- 
fusion and sporadic non-A, non-B hepatitis (1) and is 
found throughout the world. There is a prevalence of 0.6 
to 2% in western countnes and < 1 5% in other regions of the world 
(2). Approximately 60% of individuals exposed to HCV will de- 
velop chronic infection and hepatitis; 20 to 40% will eventually 
progress to cirrhosis and liver failure (3). More important, persis- 
tent HCV infection is associated with a high risk of primary hep- 
atocellular carcinoma, particularly in the setting of hepatic fibrosis 
and cirrhosis (4). Effective therapy of chronic HCV infection has 
been limited, at best, and only IFN and nbavirin have been shown 
to exhibit beneficial antiviral activity (5). Indeed, —10 to 15% of 
individuals treated with IFN alone will respond and eradicate HCV 
from the liver. However, recent studies have revealed that indi- 
viduals who recover from acute HCV infection develop substantial 
CD4^ T cell proliferative responses against the nonstructural pro- 
teins as compared with those individuals who develop persistent 
HCV infection (6, 7). This type of cellular immune response sug- 
gests that the nonstructural proteins may be the more cntical im- 
munogens to eradicate persistent viral infection from the host. In 
this context, direct injection of DNA encoding for viral genes in 
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combination with different facilitators into the muscle or skin has 
been shown to induce broad-based humoral and, more important, 
cell-mediated immune responses, and is especially effective in 
generating protective cytotoxic T cell responses against a vanety 
of pathogens (8-i 1). However, the generation of such protective 
immune responses in humans remains to be established. 

In the present investigation, we evaluated in vitro and in vivo 
humoral and cellular immune responses generated by DNA-based 
immunization against the three different nonstructural proteins of 
HCV in a munne model. It was found that the cDN As encoding for 
the NS3 serine protease and helicase and NS5 RNA-dependent 
RNA polymerase were particularly effective in generating high- 
level CD4 ^ and CD8^ activities against epitopes that reside on 
these nonstructural proteins. 

Materials and Methods 

Plasmid construction 

As a source of viral genes, a plasmid designated pBRTMHCV 1-301 1 cov- 
enng the full-length open reading frame (ORE) of HCV was used to clone 
mto expression vectors (12). Constructs pAp031-NS3, p.Ap031-NS4, and 
pAp031-NS5 were PCR-cloned after inserting engmeered start and stop 
codons as well as restriction enzyme sites using the foUowmg pnmers: for 
NS3. 5'-GG TCT AGA TTG .ATG GCG CCC ATC ACG GC-3' {XhaW, 5' 
CAC ACG CGT TCA CGT GAC GAC CTC CAG GT 3' {MluW tor NS4. 
5'-G GTC T.\G ATG AGC ACC TGG GTG CTC-3' {Xba\) and 5'-CCA 
GGA TCC TCA GCA TGG AGT GGT ACA-3' {Bamm\ and for NS5, 
5'-T CAG TCT AGA ATG TCC GGC TCC TGG CTA AGG GA-3' 
{Xha\) and 5'-A GCT ACG CGT TCA CCG GTT GGG GAG GAG GT-3' 
[Mlu\). After PCR amplification using a high-fideliry PCR system (Boehr- 
inger Mannheim, Indianapolis, IN), the cDNA fragments were inserted into 
the plasmid expression vector pAp031 containing a Rous sarcoma virus 
enhancer element and a CMV promoter (Apollon. Malvern. PA). Con- 
structs were transformed into DHSot cells, and plasmid DNA was subse- 
quently punfied by either 2x cesium chlonde centnfugation or with a 
Qiagen Giga kit using the Endofrce buffer system (Santa Clara, CA). Cor- 
rect insertion of cDNAs coding for of the nonstructural proteins was v cr- 
ified by sequencing analysis using standard methods. To establish stable 
NS3-, NS4-. and NS5-expressmg cell lines as target cells for the CTL 
assays, the nonstructural protein-encoding gene fragments were also cloned 
into the pcDNA3 and pcDNA3 1 Zeo(-) expression vectors (ln\itrogcn, 
San Diego, CA) with a neomycin selectable marker An Xba\ and Miu\ 
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fragment ot NS3 and NS5 \sas subcloned into the \ht'\ \flu{ sue of Lit- 
mus-38 vector (New [ingland liiolabs, Beverly, MA), cut wuh EcoRl and 
Sail, and Iigated into the iicoRl Xhoi multiple cloning sue of pcDNA3 and 
pcDNA3.1 Zeo( - ), respectively. An Xhal and BumH\ fragment containing 
NS4 was ligated into LitmLS-29 (New England Biolabs). recut with Kpn\ 
and £coRI, and subsequently ligated into the pcDNA3 vector Plasmids 
were designated pcDNA3-NS3. pcDN.JJ-NS-i. and pcDNA3.1 Zeo( - )-NS5 

fn vitro expression 

The HuH-7 human hepatoma cell line was transiently transfected with the 
vanous constructs by the calcium phosphate method to assess expression 
levels of HCV nonstructural proteins. In bnef, cell lysates were prepared in 
modified RIPA butfer (0 15 M NaCL Po Nonidet P-40, 50 mM Tns, 0 5% 
dco.xycholate. and 1% SDS) after metabolic labeling with [^'Sjmethionine 
and cysteine for 4 h. Cell lysates were precleared with horse serum and 
subsequently bound to Sepharose A by preincubation overnight with poly- 
clonal antisera WU 110 (NS3), WU 148,151 (NS4), and WE 115 (NS5) 
( 12). After separating the proteins by SDS-PAGE, the gels were dned and 
exposed. NS5 protein expression was also determined by Western blot and 
immunofluorescence analysis using a munne mAb (Biogenesis. Sandown, 
NH). To generate stably transfected cell lines expressing NS3, NS4. and 
NS5, the syngenic BALB/c mouse myeloma derived cell line SP2/0 was 
transfected by electroporation with pcDNA3-NS3, pcDNA3-NS4, or 
pcDNA3.1 Zeo(-)-NS5. Cells growing in selection medium were cloned 
by limiting dilution (0.3 cell well) and screened by the methods described 
above. However, attempts to clone stable NS4-expressing cell lines were 
unsuccessful. 

Immunization protocol 

Female BALB/c mice were maintained under standard pathogen- 

free conditions in the animal facility of the Massachusetts General Hospi- 
tal. Mice were obtained from Charles River Laboratories (Wilmington, 
MA) and used at the age of 6 to 20 wk for the in vivo studies. A total of 
100 fxg of plasmid DNA in 100 /xl of 0.9% NaCl was injected two and 
three times over five different sites into the quadriceps muscle of the mice. 
Booster injections were given into the opposite leg every 14 days. As a 
positive control for all immunologic experiments, 5 fxg of recombinant 
NS3, NS4, and NS5 protein (Mikrogen, Munich, Germany) was injected 
i .p. in CFA at day 0 and boosted with the same amount of protein in 0.05% 
SDS after 4 and 8 wk. As negative controls for these experiments, empty 
plasmid vector and recombinant hepatitis B virus surface Ag (HBsAg) 
(Engenx, Smith Kline Beecham, Philadelphia, PA) were employed. All 
mice were sacnficed at 10 days after the last immunization. 

Measurement of humoral immune responses 

Levels of anti-NS3, NS4, and NS5 Abs were determined in the serum of 
each immunized animal by ELISA. In bnef, microliter plates (Microtest 
UIM flexible assay plate. Falcon, Oxnard, CA) were coated with the above- 
described recombinant proteins overnight at 4°C (0.5 /xg/well). After 
blcKking with FBS for 2 h at 20°C, a 1/50 dilution of mouse serum was 
added to the plates and incubated at 20°C for an additional 1 h. After 
washing four times with PBS containing 0.05% Tween-20, a horseradish 
peroxidase-conjugated anti-mouse .^b (Amersham, Ariington Heights, IL) 
was applied at a 1/2000 dilution. Plates were washed following a l-h in- 
cubation, and substrate was added for color development and read in an 
automatic reader. 

Lymphoproliferation and cytokine release assays 

Mice were anesthetized with isoflurane (Aerrane. Anaquest. NJ), and 
spleen cells were harvested. E were removed by incubation in 0 83% 
NH^Cl 0.17 M Tns (pH 7.4) tor 5 min at 25°C. Spleen cells were washed 
two times and cultured in triplicate using 96-well round-bottom plates at 
5 X 10^ cells/well in 200 ^1 DMEM (Cellgro Mediatech, Washington, DC) 
containing 10% FBS and 2-ME. Cells were stimulated with recombinant 
nonstructural proteins NS3, NS4, and NS5-4 at different concentrations (0. 
0,01, 0.1, and 1 ^tg ml). As negative controls, effector cells were stimulated 
with recombinant HC\^ core or HBsAg proteins at the same concentrations. 
After stimulation for 3 days. [^H]thymidine was added ( 1 ^Ci well). Cells 
were incubated for an additional 18 h. and the [''HJthymidine incorporation 
into DNA was measured after harvesting. Incorporation of radioactivity 
was corrected for background activity (A cpm). For determination of cy- 
tokine release, effector cells were cultured as descnbed above; lL-2, lL-4. 
and IFN-y levels were measured in the culture supernatant by commercial 
kits according to the manufacturer's instructions (Endogen. Boston, MA). 



CTL activity 

Spleen cells den\ed from immunized mice v^ere suspended ;n DMIAI 
supplemented with 10"o FCS and 2-ME (5 < 10 'Ml and an:il\/cd for 
cytotoxic activity following 5 days of m vitro stimulation. In Mtro stimu- 
lation was performed in 25-ml flasks with a total volume of 12 ml, Munnc 
rlL-2 was added once at a concentration of 5 L' ml, and rcsponder cells 
(4 X 10^) were cocultured with 2 ^: 10^ irradiated ( 10.000 rad) syngenic 
$P2 0 cells stably expressing either the full-length NS3 or NS5 protein 
(SP2NS3-3, SP2NS5-21), After 5 days, cytotoxic effector iymphoc>te 
populations were harvested and washed in serum-free medium; a 4-h '(> 
release assay was performed in 96-well round-bottom plates (total \olumc 
of 140 ^1) using - 'Cr-labeled SP2,NS3-3 or SP2 NS5-: 1 . These ceils ( I 
10^) were incubated for 1 h with 100 /j.1 of "^'Cr ( 1 mC ml) and subse- 
quently washed three times in DMEM containing 10"o FCS (4X) Parental 
SP2 0 or SP2, 19 ceils expressing the HCV core protein were used as con- 
trols for \g specificity of lysis and background activity, .\ssays for CTL 
activity were performed at lymphocyte E;T ratios of 100: 1. 30:1, 10:1. and 
3:1, respectively, using 1 x 10"^ -'Cr-labeled target cells, well T cell de- 
pletion expenments were conducted by incubating etfector cells with either 
an anli-CD4^ or CDS* mAb containing hybndoma supernatant (OKI 5 
anti-CD4, rat or 3. 155 anti-CD8, rat) for 30 min at 4X; next, the cells were 
washed and then incubated at 37''C with complement (15 dilution of low- 
toxicity rabbit complement; Cedarlane Laboratones, Hornby, Canada) be- 
fore performing the CTL assay descnbed above. 

Assessment of CTL activity in vivo 

Mice were immunized i.m. three times with either Mock DNA or p,-\pNS5 
vector. Some animals were also immunized i.p with recombinant NS5 pro- 
tein or a combination of both. Recombinant proteins (5 fig i.p.) were ad- 
ministered as a mi.xmre of NS5-4 (aa 2622-2868) and NS5-12 (aa 2007- 
2268). At 1 wk after the last immunization with the vanous plasmid 
constructs or recombinant protein, 2 10** syngenic SPl O-denved cells 
stably expressing NS5 were washed, resuspended in 200 ptl PBS, and in- 
oculated s.c. into the nght flank. SP2/0 cells that stably expressed HCV 
core protein (SP2/19) were used as a control in selected animals. Tumor 
formation was assessed at 15 days postinoculation, and the number of 
animals with tumors and tumor weight was determined. 

Results 

Expression of HCV nonstructural proteins in mammalian cells 

HCV is a positive- strand RNA vims with a genome length of -^-9.5 
kb. One large ORF encodes for a polyprotein precursor of -^-3000 
aa that is processed by a combination of host and viral proteases 
into ^10 different structural and nonstructural proteins (12 14). 
We cloned the genes encoding for the individual nonstructural pro- 
teins with engineered start and stop codons into an expression 
plasmid dnven by a CMV promoter and a Rous sarcoma virus 
enhancer (pApOBl). The expression vector pcDNA3 containing a 
neomycin selection marker was also used to generate stable SP2/ 
O-denved cell lines (Fig. la). The plasmid constructs w^ere se- 
quenced across the cDNA inserts, and protein expression was an- 
alyzed in vitro in HuH-7 cells after transient transfection and in 
SP2/0 target cells after stable transfection, respectively. Signals 
corresponding to proteins with molecular masses of ^70 kDa for 
NS3, 30 kDa for NS4, and 125 kDa for NS5 were obser\ed in 
cellular lysates but not in supernatant from transfected cells 
(Fig. \b). 

Humoral immune responses 

Specific Ab responses directed against all three nonstrucnjral pro- 
tcms were found in all animals by ELISA following three immu- 
nizations. No Ag-specific immune responses were detected in mice 
immunized with mock DNA (Fig la). As positive controls, mice 
were vaccinated three times i.p. with recombinant NS3, NS4, and 
NS5 proteins in combination with CFA; as expected, the mice 
demonstrated a sn^ong humoral immune response (data not shown). 

Cellular immune responses 

To investigate cell-mediated immune responses to the nonstruc- 
tural proteins, spleen cells were harvested and restimulated cither 
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FIGURE 1, Expression of nonstructural proteins following transient transfection of HuH-7 and stable transfection of SP2/0 cells, a, a single large ORF 
of HCV encodes for a polyprotein precursor of —3011-3030 aa that is cleaved by host signal and virus proteases into the different structural and 
nonstructural proteins (arrows). Gene sequences of NS3, NS4, and NS5 were PCR-amplified, inserted into pcDNA3 or pcDNA3.1(-). and sequenced, b, 
lanes 1-6: After transient transfection of HuH-7 cells with these constructs and controlling for transfection efficiency with a ^-galactosidase assay, cells 
were starved for 30 min in methionine and cysteine-free medium and labeled for 4 h with ["^-Slmethionine and cysteine. Cell lysates were immunopre- 
cipitated with polyclonal rabbit sera specific for the nonstructural proteins, captured by Sepharose A beads, and analyzed by SDS-PAGE followed by 
autoradiography. Lanes L i, and 5 are mock DNA-transfected cells and serve as negative controls (Mock). Lanes 2, 4, and 6 show specific bands of -70 
kDa for NS3, -30 kDa for NS4. and 125 kDa for NSS. Lanes 7-10: SP2 0 cells were transfected with pcDNA3-based constructs containing the genes for 
NS3, NS4, and NSS. After antibiotic selection, cells were cloned by limiting dilution (0.3 cells/'well), and expanded and analyzed either by radioactive 
labeling and immunoprecipitation for NS3 or by Western blot for NSS as described above. Lanes 7 and 9 represent cell lysates denved from cells stably 
expressing HCV core protein as a negative control (SP2/19); Lanes 8 and 10 mdicate a specific expression of NS3 and NSS. These cells were used tor in 
vttro stimulation and as target cells in the CTL assays. 



with recombinant Ag or with Ag expressed by stably transfected 
cell lines in vitro. Substantial lymphocyte proliferation was in- 
duced by all nonstructural protems at different Ag concentrations 
as measured by [^H]thymidine incoiporation (Fig. 2b). Immuniza- 
tion with recombmant protein i.p. as a means of generating max- 
imum stimulation produced a 5- to 10-fold higher lymphocyte pro- 
liferative rate for all three proteins (data not shown). The cytokine 
profile determined af\er DNA-based immunization demonstrated a 
classic Thl response, with high levels of IFN-y (Fig. 2c) and IL-2 
(Fig. 2d) secreted into the cell culture supernatant. The cytokine 



release after incubation with recombinant NS3 could only be stud- 
ied at a concentration of 0.1 ^g'ml, since higher concentrations of 
NS3 (1 ^jLg^ml) were toxic to the cells. In contrast, very little IL-4 
production was observed af^er genetic immunization with genes 
encoding for the HCV nonstructural protems (Fig. 2e). 

Because CTL responses are essential to eliminate virus from 
infected cells, w^e studied the ability of splenocytes denved from 
immunized mice to lyse syngenic SP2/0 munne myeloma target 
cells stably expressing NS3 and NSS proteins in a ^'Cr release 
assay. The NS3- and NS5-immunized mice exhibited a specific 
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FIGURE 2. a. Humoral immune 
responses to NS3. NS4, and NS5 
generated by DNA-based immuniza- 
tion. Serum Ab levels were measured 
by ELISA {each group: n = 5). Con- 
trols mcluded wells coated with BSA 
and sera denved from mock- immu- 
nized mice. As positive controls, 
mice were immunized i.p. with re- 
combinant proteins (data not shown). 
h, T cell proliferation was measured 
at 3 days after in vitro stimulation 
with recombinant proteins. Cells 
were incubated with [^H]thymidine 
for 18 h and harvested. The A cpm 
was determined by subtracting back- 
ground activity {i.e., incubation with- 
out Ag). Note that incubation of cells 
with 1 fjig of recombinant NS3 pro- 
tein was toxic; therefore, no prolifer- 
ation was observed. Mice immunized 
with recombinant protein in conjunc- 
tion with CFA had a 5- to 10-fold 
higher response (data not shown). 
c~e, Cytokine secretion into the su- 
pernatant measured after 48 h of in 
vitro stimulation for IFN-7 (c), IL-2 
id), and IL^ (e). Note that stimula- 
tion with NS3 was performed at 0. 1 
fxg/m\ due to to\ic effects at 1 pig/mi. 
For comparison, results are shown 
for mice that were immunized three 
times i.p. with recombinant proteins 
{n = 4). As a negative control, mice 
were immunized with recombinant 
HBsAg. 
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cytotoxic T cell response after 5 days of in vitro stimulation, 
whereas low activity was observed against SP2/0 or SP2/19 (stably 
expressing HCV core protein) cells used as controls for target cell 
specificity (Fig. 3, a and h). To demonstrate the phenotype of cells 
producing the specific lysis, splenocytes were mcubated with 
CD8"*'- or CD4^-specific mAbs in the presence of complement. 
These studies revealed that the cytotoxic activity was mediated by 
CD8^ cells (Fig. 3c). We were unable to establish SP2/0 cell lines 
stably expressing NS4 protein; therefore, CTL activity was not 
measured against this HCV nonstructural protein. 

In vivo CTL activity was assessed by a tumor model. Only 40°/o 
of mice immunized with a cDNA encoding for NS5 protein and 
challenged with a syngenic murine myeloma cell line (SP2/NS5- 
21) stably expressing NS5 developed tumors after 15 days. More- 
over, tumor size was significantly less {p < 0.0001 ) as determined 
by the measurement of Uimor weight when compared with mice 
immunized with mock DNA or recombinant NS5 protein or mice 
immunized with the same syngenic SP2/0 cell line expressing a 



diflferent HCV structural protein (HCV core) as a control (Fig. 4, 
a and b). Indeed, 90 to 100% of mice immunized with mock DNA 
or challenged with SP2/9 cells demonstrated tumor formation, con- 
firming the specificity of the CTL activity in this tumor model. It 
is important to emphasize that immunization with recombinant 
NS5 protein in CFA did not protect animals against tumor forma- 
tion. To assess the effect of a combination of DNA-based immu- 
nization and recombinant protein vaccination, one group of ani- 
mals was immunized with both. There was partial but significant 
ip < 0.03) protection against tumor formation, but combined im- 
munization was not as effective as immunization three times with 
a DNA construct encoding for NS5 protein alone (Fig. 4a). 

Discussion 

During active HCV infection, humoral and cellular immune re- 
sponses have been shownn to be polyclonal and multispecific. It is 
likely that the host immune response produced during persistent 





FIGURE 3. Cytotoxic T cell response to NSS (^i) and NS3 (b) at different E:T cell ratios (100:1, 30:1, 10:1, and 3:1). Splenocytes were incubated in 
vitro with irradiated munne myeloma cells stably expressing NS3 and NSS for 5 days (n = S). Subsequently, CTL activity was determined in a 4-h "Cr 
release assay against the stable target cell lines. Background activity against SP2/0 or SP2/ 19 (expressing HCV core) was subtracted to obtain specific lysis 
values, c. In T cell-depletion expenments {n = 3), cells were incubated for 30 min on ice with anti-CD8" or CD4" mAbs followed by a 30-min incubation 
at 37X with complement. Control cells were incubated without complement and anti-CD8^ or CD4" mAbs. Background activity was determined using 
SP2/19 cells as a nonrelevant negative control cell line. 



HCV infection is responsible, in part, for production of the liver 
cell injury. However, it may not be sufficiently broad-based or 
vigorous enough to promote viral clearance and generate protec- 
tive immunity in individuals with chronic HCV infection (15). 
Individuals who have recovered from acute HCV infection have 
recently been shown to develop strong proliferative CD4^ T cell 
responses directed against the nonstructural proteins (6, 7). More 
important, the generation of HC V-specific CTL activity appears to 
be associated with control of viral replication in individuals with 
chronic hepatitis (16, 17). 

It is not known whether the nonstructural proteins NS3, NS4, 
and NSS are sufficiently immunogenic to generate broad-based and 
vigorous CTL responses in vivo. The genetic immunization ap- 
proach was employed to test this hypothesis, since this technique 
has been shown previously to induce cellular immune responses of 
different levels against a variety of pathogens in animal model 
systems (9 11, 18, 19). The advantage of this method compared 
with immunizations with soluble recombinant protems or peptides 
IS its ability to induce a more Thl-like immune response with the 
production of inflammatory CD4^ T cell as well as cytotoxic T 
cell activity, presumably due to the intracellular processing of viral 
proteins into peptides and subsequent loading onto MHC class I 
molecules in transfected muscle cells as well as to yet to be defined 



interactions of the complex with APCs. In contrast, immunization 
with soluble protein pnmarily leads to a humoral immune response 
due to processing through the MHC class II pathway. Immuniza- 
tion with synthetic peptides has several disadvantages, since only 
a limited number of epitopes are available for stimulation of the 
host immune response. In contrast, all naturally occumng B and T 
cell epitopes encoded for each protein by the DNA construct of 
interest are presumably preserved for recognition by TCRs and 
consequently will generate very broad-based humoral and cellular 
immune responses (20). 

During active viral replication, HCV has a very high mutation 
rate, and several genotypes and subtypes have been descnbed pre- 
viously (13, 14). In this regard, the Ags are processed mtracellu- 
larly in infected hepatocytes, and a large number of epitopes are 
presented to the immune system. However, neutralizing Abs gen- 
erated against the envelope region of HCV have been found to be 
insufficient to provide protection and tend to promote immunos- 
election of quasispecies (21). In this study, we present evidence 
that DNA-based vaccination with plasmids encoding for three dif- 
ferent nonstructural proteins of HCV is capable of eliciting Ag- 
specific immune responses in both effector pathways of the im- 
mune system. It was noteworthy that all animals developed 
detectable Ab responses af^er three immunizations. In this regard. 
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FIGURE 4. Li. Tumor model to assess CTL activity 
generated in vi\o Mice were immunized three times 
with either pApNS5 or a mock DNA (100 ^g) or re- 
combinant NS5 protein (5 ^g). The final group (E) re- 
ceived a combination of DNA immunization and re- 
combinant protein. At 15 days after tumor challenge 
with SP2NS5-21 or SP2T9 (HCV core-expressing) 
cells, the number of mice that had developed tumors 
was determined, and the tumor weight was measured, b 
(from left to right), representative examples of a mouse 
immunized with mock DNA and challenged with SP2/ 
NS5-21 cells (A); a mouse immunized with pApNS5 
and challenged with SP2/'NS5-21 cells (resulting in a 
tumor-free animal) (B); a mouse immunized w^ith 
pApNSS and challenged with SP2/19 (C); and a mouse 
immunized with recombinant NS5 protein and chal- 
lenged with SPZ'NS5-21 cells (D), Note the large tumor 
formation on the nght flank in mice A, C, and D but not 
in mouse B. 



A 100 ^ig Mock 3 X i.ra. 

B lOOMgpApNSS 3xi.m. 

C lOO^gpApNSS 3xi.m. 

D 5 Mg recomb Protein 3 x i.p. 

E [QOMgpApNSS 2xi.m. 
5 Mg recomb. Proiein 1 x i.p. 



SP/2NS5-21 10/10(100^) 19W-0.2 

SP/2NS5-2I 8/20 {Wh) 0.7+/- 0.1 

SP/2-I9 9/10 (90<?-) 2.2+/- 0.5 

SP/2NSJ-21 10/10 iXQO'k) I 9 W- 0.2 

SP/2NS5-2I 7/10 (70<3E-) 1.1 W- 0 2 




these nonstructural proteins are far better Ags to stimulate humoral 
immune responses compared with previous studies by us using the 
HCV core structural protein (22, 23). Similar to the findings of 
HCV core, the humoral immune response to the NS3 protein was 
weak; therefore, it may be necessary to activate APCs by the co- 
administration of cytokine-expressmg plasmids such as IL-2 and 
granulocyte macrophage CSF to achieve optimal humoral and cel- 
lular immune responses, (23, 24). Nevertheless, the generation of 
inflammatory CD4"^ T cell responses with a predominant Thl phe- 
notype was demonstrated for all three plasmids encoding for NS3, 
NS4, and NS5. Most important, a specific CD8^ CTL response 
was generated for NS3 and NS5 with lysis values that have been 
shown previously to induce protection against a variety of patho- 
gens in animal model systems (18, 19). It was not possible to 
measure CTL responses to NS4, since we were unable to establish 
stable NS4-expressing SP2/0 myeloma cell lines. However, CD4 T 
cell responses and lL-2 and IFN-7 release were in the range ob- 
served for NS3 and NS5, and NS4 appears to be an attractive 
candidate protein for this immunization approach as well. Since no 
small animal model is currently available for HCV infection, we 
determined whether the CTL responses generated by DNA-based 
immunization would protect animals against tumor formation us- 
ing syngenic SP2 0 tumor cells stably transfected with a cDNA 
encoding for NS5 protein Approximately 60% of mice were pro- 
tected against tumor formation, indicating the in vivo CTL activity 
produced by this immunization approach. Moreover, tumor weight 
in those animals that developed tumors was significantly reduced 
compared with mice immunized with mock DNA or recombinant 
NS5 protein. This study emphasizes the capability of assessing 



cellular immune responses against HCV nonstructural proteins in 
an animal model as measured by inhibition of tumor growth. It 
should now be possible to determine the fine specificity of CTL 
epitopes with overlapping peptides using these techniques. 

In contrast to the data presented here, DNA immunization using 
a construct encodmg for the HCV core structural protein produced 
less vigorous cellular and humoral immune responses (22, 23, 25). 
The envelope region has great sequence diversity among the var- 
ious genotypes and may not be a good target region because of 
immunoselection of viral vanants known to occur during natural 
viral infection (22, 25, 26). The NS3 gene encodes for a senne 
protease that cleaves the viral polyprotein precursor posttransla- 
tionally at several junctions and also serves as the viral helicase. 
The NS5 region encodes for the RNA-dependent RNA polymerase 
of the virus. Both genomic regions are believed to be highly im- 
portant and cntical for viral replication; therefore, these regions 
may serve as important molecular targets for antiviral approaches 
(27-29). Based on both previous clinical studies, which demon- 
strate the importance of the cellular immune response to the non- 
structural proteins with respect to preventing persistent viral m- 
fection in humans (6, 7), and the experimental results presented 
here, which demonstrate that the nonstructural proteins are partic- 
ularly potent candidates in generating cellular immune responses 
in mice, we are led to believe that DNA-based immunization with 
genes encoding for the HCV nonstructural proteins is an attractive 
approach for the construction of therapeutic and prophylactic vac- 
cines against HCV. However, the clinical efficacy of DNA-based 
immunization in generating antiviral immune responses agamst 
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HC\' in humans remains to be established. Finally, it will be im- 
portant in the future to determine whether different genotypes or 
subrv-pes of HCV may circumvent the immune responses induced 
by one genotype following DNA-based immunization. 
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